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ABSTRACT
The WHO Framework for Safe Drinking-water has been developed from many years of field 
work and evidence of the challenges faced in the provision of safe drinking-water supply. 
However, there has been no analysis of the potential of the WHO Framework to improve 
drinking-water safety in a small island environment.
There is very limited literature on the challenges of drinking-water management for small 
islands. No methodology has been found with which to conduct an integrated analysis of all 
the influencing factors. In order to carry out the research. Islands with a broad range of 
characteristics in a relatively unstudied region were chosen to add to the existing knowledge 
of the challenges experienced by small islands. An audit of the WHO Framework was then 
carried out to analyse the potential strategic position it may have in the small island 
environment to improve drinking-water safety.
The case-studies have revealed that there are many challenges to drinking-water safety for 
small islands that have not been previously recorded in the available literature and cover 
aspects of Institutional Framework, Catchment Management, Treatment, Distribution and 
Consumer.
There is considerable opportunity to improve drinking-water safety for small islands with 
implementation of the WHO Framework. However expert focus groups recognize that some 
special considerations, not included in the existing Framework may be required to ensure 
ongoing, sustainable, safe drinking-water supplies in small community environments such as 
small islands.
Substantial challenges identified for small islands result from the existing Institutional 
Frameworks, which has also been verified focus groups. However analysis of the evidence has 
revealed that there is little guidance available in the WHO Framework relating to Institutional 
Frameworks. The majority of threats to the success of the improvements in drinking-water 
safety that can be gained from implementation of the WHO Framework arise from lack of 
support in this area.
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1.0 SMALL ISLAND COMMUNITIES AND THE WORLD HEALTH 
ORGANIZATION FRAMEWORK FOR SAFE DRINKING-WATER
1.1 INTRODUCTION
Development of the World Health Organization Guidelines has gone through various stages 
from the publications of simple ‘standards’ for water quality to the recognition that health risk 
must be considered alongside other factors such as technological and economic feasibility 
(Lloyd B and Helmer R, 1991) which are a particular challenge for communities. Volume 3 
of the second edition of the WHO Guidelines for Drinking-water quality (WHO, 1997a) 
provides advice on the application of the WHO guidelines and recommendations (WHO, 
1993;WHO, 1997b) that takes into account the often severe constraints and likely difficulties 
communities are facing in rural areas. In 1991 the WHO published case-studies (Lloyd B and 
Helmer R, 1991) of methods identified allowing for the cost-effective application of the WHO 
Guidelines (WHO, 1993;WHO, 1997a;WHO, 1997b) in sparsely populated areas. Volume 3 
of the Guidelines and Surveillance of Drinking-water Quality in Rural Areas provides the 
basis for technical cooperation in the sector of community water supply management (Lloyd 
B and Helmer R, 1991) and is intended to bridge the gap between the mere publication of 
guideline values and their actual compliance often under adverse hydrological and socio­
economic conditions (Helmer R and Ozolins G, 1987).
The Third Edition of the Guidelines builds on these published case-studies and work carried 
out since publication of the Second Edition and incorporates many of the lessons learnt in its 
application. For example, early on in the application of Volume 3 of the Second Edition it 
was recognised that the success of its implementation in pilot projects, would be largely as a 
result of the active participation of all the stakeholders (Lloyd B and Helmer R, 1991). The 
third edition incorporates this learning with guidance on how to formulate a team of 
stakeholders to implement a Water Safety Plan. However, the case-studies chosen to 
implement the Volume 3 of the guidelines were broad in many of their characteristics but 
similar in that the focus of the study was for rural & isolated communities. Much of the work 
carried out for community a water supply has been based on isolated and rural examples. 
Further work has not vet been carried out to review guideline implementation for small island 
communities.
Communities in the context of drinking-water supply have many definitions but these 
definitions have two main characteristics;
1. The communities are to some extent isolated from the larger populations either physically, 
economically, politically or socially/culturally (Campos M, 2005;Kotei N, 2005;Rong Z, 
2005;Smet J and van Wijk C, 2002)
-  Physical Isolation:
■ Topography or geography preventing access to a safe drinking-water 
supply.
■ Topography, geography or environmental adversity preventing access for 
public sector support
-  Political Isolation:
■ Community inadequately represented in government preventing 
appropriate decisions and actions with regard to acceptable and appropriate 
provision of drinking-water
-  Social & Cultural Isolation:
■ Community preferences for aesthetics, level and type of use of supply 
unaccounted for in the provision of drinking-water
-  Economic Isolation:
■ Income insufficient to afford safe drinking-water supply
2. This isolation results in the community taking partial or full responsibility for the 
operation and management of the drinking-water supply (Campos M, 2005;DWI, 
2005;Howard G et al., 2005;WHO, 1997a).
Small islands are communities with specific challenges to the provision of safe drinking- 
water. It is overwhelmingly their physical and therefore economic isolation that contributes 
to the majority of community water supply problems (UNDESA, 2006). The number of 
challenges to safe drinking-water provision small islands are exposed to increase with added 
political and social isolation depending on the specific characteristics of the island (Dworsky 
M, 2002).
1.2 COMMON CHALLENGES TO COMMUNITY DRINKING-WATER SAFETY
Case-studies, reports and other publications have been sourced to examine the evidence of 
challenges in the provision of safe drinking-water to communities. Patterns emerge in the 
following section of the type of challenges that communities are facing and although the 
physical characteristics are of significance, it is overwhelmingly the management and 
administration of community drinking-water supplies that are repeatedly problematic. It was 
also noted that in the numerous case-studies, reports and articles, rarely was a holistic 
assessment of the challenges carried out that included institutional, catchment, treatment, 
distribution and consumer problems. The available literature often tended to focus on specific 
areas and lacked an integrated approach to analysing the problems facing each community. It 
was noted that none of the documents reviewed had a holistic data and an information 
collection methodology. Challenges have been identified from a broad range of sources and 
analysis shows that they fall into the categories outlined in Table 1.0.
Table i.o : C ategories o f  challenges in  th e  n rov ision  o f  safe  d rink ing -w ater to  com m on
com m unities.
1 Policy Development and Institutional 
Framework Challenges
a) Policy Development
b) Institutional Framework
c) Institutional Capacity
d) Decision Making
2 Financial Arrangement Challenges a) Decision Making
b) Management and Operations
c) Consumer Behaviour and Perceptions
3 Catchment Challenges a) Pollution
b) Management
4 Treatment and Distribution Challenges a) Decision Making
b) Operations and Maintenance
5 Consumer Challenges a) Behaviour and Perceptions
1.2.1 Policy Development and Institutional Framework Challenges
The development of policy without a broad consultative process may lead to policies that are 
poorly constructed and fail to take account of community characteristics, are unsustainable or 
may be misused or ignored by politicians (Abrams L J, 1996;Breslin E, 2003;Davis J and 
Lyer P, 2002;Jarman J and Johnson C, 1997). Lack of consistency on policies creates an open 
forum for political conflict (Colin J et al., 2007) and in some cases policy development is 
deliberately avoided to prevent government accountability and the assessment of progress in 
relation to policy (Abrams L J, 1996)
Poor organization of institutional structures is a major challenge for the management of 
community water supplies and can result in conflict within the community (Garcia P, 2006), 
conflict with local government (Ahmad J et ah, 2004) and a lack of support for the 
community (Lockwood H, 2002).
Unclear roles and responsibilities prevent sustainable operations, management, public sector 
support and surveillance if key tasks in each of these areas are not adequately defined and 
allocated to individuals and/or departments and mechanisms for verification of task 
completion in place. Responsibility for community drinking-water supplies may be 
inappropriately allocated to multiple government departments with little co-ordination and 
collaboration between stakeholders (Abrams L J, 1996;Colin J et al., 2007;Mahon T and 
Sinclair P, 2003).
Poor co-ordination and collaboration often lead to conflicting policies, gaps in responsibilities 
and/or over-lapping work being carried out by stakeholders. Some donors and NGOs 
deliberately exclude government in the false belief that short-term gains in easing the 
development process will lead to long-term sustainability. Community practices are rolled 
out which are unsustainable leading to an often widespread breakdown in services (Abrams L 
J, 1996;Breslin E, 2003;Jarman J and Johnson C, 1997;Lockwood H, 2004;Mahon T and 
Sinclair P, 2003;WASEP, 2001)
Institutional weakness is a major obstacle facing many countries. Money and other resources 
are frequently lacking. Government agencies cannot hope to manage the full range of tasks 
involved in running individual community water supplies. The chain of command is too long 
and the costs, logistics and staffing implications are too prohibitive for their limited resources 
(Deverill P and Cotton A, 2000;IRC International Water and Sanitation Centre, 1991).
Capacity of government sectors may be very low due to a lack of resources but this is often 
compounded when there is a lack of political stability. Successive government change-over 
may lead to a high-tumover of civil servants and fluctuating allocation of resources leading to 
a loss of institutional memory, human capital and abandoned management plans (Abrams L J, 
1996;ADB, 2004;Briscoe J, 1994;Johnson E and Perez E, 2002;WASEP, 2001). Bureaucracy 
may also inhibit progress in some governments, frustrating officials. This in addition to poor
resources and cumbersome institutions result in difficulties establishing motivation which is a 
prerequisite for capacity building (ADB, 2004).
Decision making at a government level may not be in the best interests of the communities. 
Government interests may not coincide with that of the community (WaterAid, 2002a) and 
the allocating of resources to lower levels to provide appropriate support at a community level 
gives a greater degree of power and autonomy to lower levels of government which can often 
run counter to the interest of politicians and decision-makers inside central government 
agencies (Lockwood H, 2004). Community consultation may not be sufficient to understand 
the specific needs and characteristics of a community (Moriarty P and Schouten T, 2002) with 
some government officials openly saying that the ideas of ground operatives are unimportant 
and consulting them is pointless (Abrams L J, 1996). On-going reform is a reality for many 
countries but is often not driven by the needs of communities (Lockwood H, 2004) or take 
into account country characteristics (IWMI, 2005). This can lead to ambiguities and 
confusion among institutions about who exactly is responsible for service delivery to 
communities over the long term. (Lockwood H, 2004;Perez P and Rosensweig F, 1996).
POLICY DEVELOPMENT
-  Poorly constructed policies that are unsustainable, misused or ignored.
-  Lack of consistency in and between policies
-  Avoidance of policy development to prevent accountability
INSTITUTIONAL FRAMEWORK
-  Poor organization of institutional structures leading to confusion and conflict between 
stakeholders
-  Unclear roles and responsibilities between stakeholders
-  Confused and conflicting legislation
-  Poor co-ordination and collaboration between stakeholders
INSTITUTIONAL CAPACITY
-  Poor governmental capacity
-  Insufficient resources
-  Loss of institutional memory
-  Excessive bureaucracy
DECISIONMAKING
-  Counter-productive or non-evidence based decision making that doesn’t account for the 
characteristics or needs of the community
Figure i.o : Summary o f  Policy and institutional fram ework challenges for com m unity
w ater supplies.
1.2.2 Financial Arrangements
Cost recovery is still today one of the major obstacles to achieving a sustainable drinking 
water supply in developing countries (Ahmed N and Sohail M, 2000;Moriarty P and Schouten 
T, 2002;NETWAS, 2000;NETWAS (Tanzania), 2000;WASEP, 2001) despite major efforts in 
the sector over the past decades.
Many communities and committees are not skilled in financial management. This is one area 
that has traditionally received very little attention at the project inception, planning and 
implementation stages (Brikke F and Rojas J, 2001;NETWAS, 2000;NETWAS (Kenya), 
2000;NETWAS (Tanzania), 2000). Poor financial management systems often lead to these 
resources being inappropriately or inefficiently spent. This further reduces the viability of the 
water systems (Rukunga G et al., 2007).
The costs of adequate operation and maintenance are often unknown for planning and design 
of appropriate programmes reducing the likelihood of designing and planning sustainable 
solutions (Brikke F and Bredero M, 2003;Brikke F and Rojas J, 2001;Rukunga G et al., 
2007). In addition, there is often a lack of awareness by communities of the costs of safe 
water and sanitation and who is responsible for meeting them (Brikke F and Rojas J, 2001),
Many communities are unwilling to pay for a variety of community specific reasons such as 
not viewing water as a commodity for sale or low priority of health issues (Ahmed N and 
Sohail M, 2003;Brikke F and Bredero M, 2003;Brikke F and Rojas J, 2001 ;Rukunga G et al., 
2007). Consumers may also fear that much of the money from tariffs or contributed may end 
up in the pockets of water suppliers and are reluctant to pay (NETWAS, 2000;NETWAS 
(Kenya), 2000;NETWAS (Tanzania), 2000).
Often there is no economic basis of arriving at a tariff and tariffs are arbitrarily set (Ahmed N 
and Sohail M, 2003;Brikke F and Rojas J, 2001;NETWAS, 2000;NETWAS (Kenya), 2000). 
Other difficulties with community financing include reduced economies of scale from 
distribution to sparse populations (International Reference Centre for Community Water 
Supply and Sanitation, 1981). In many cases, affordability of the service is not factored into a 
scheme at the planning stage. Many schemes developed have been very expensive to
maintain, resulting in their collapse (Rukunga G et al., 2007) and there are operational 
difficulties with meter reading (Brikke F and Rojas J, 2001).
DECISION MAKING
-  Difficulties obtaining good cost data on water supply and sanitation
-  Poor awareness of the costs of supply
-  Arbitrarily set tariffs
-  Affordability not accounted for in planning.
MANAGEMENT AND OPERATIONS
-  Operational difficulties with meter reading.
-  Inadequate accounting and poor financial management
-  Poor economies of scale.
CONSUMER BEHAVIOUR AND PERCEPTIONS
-  Consumer fear of corruption.
-  Poor or nor willingness to pay
Figure i.i:  Financial Arrangement challenges for com m unity water supplies.
1.2.3 Catchments
On the whole there is very little information available from the literature about the problems 
regarding catchments specifically for communities. Some difficulties were identified with 
microbiological contamination (WASEP, 2001) and land ownership preventing adequate 
management (NETWAS, 2000;NETWAS (Kenya), 2000).
POLLUTION
-  Microbiological contamination from human and animal activity 
MANAGEMENT
-  Land ownership difficulties preventing adequate management
Figure 1.2: Catchment challenges for com m unity water supplies.
1.2.4 Treatment and Distribution
Community characteristics are often ignored and assumptions made about specific community 
needs without appropriate assessment. This may be particularly the case in pilot programs 
were solution-focused programs are rolled out without an evidence base that a single solution 
is appropriate to multiple communities (Abitol E, 1998;Briscoe J, 1994;Moriarty P and 
Schouten T, 2002;WaterAid, 2002b). Similar to one-solution for all, in many cases different 
water treatment and supply solutions may be chosen for communities that is not based on the 
characteristics or needs of the community. No procedure to collect evidence of community
characteristics and needs has been used leading to inappropriate technology use and 
unsustainable systems (Breslin E, 2003;Intemational Reference Centre for Community Water 
Supply and Sanitation, 1981;Lockwood H, 2004;ODA, 1997)
Availability of spare parts is a problem for many communities. Difficulties with establishing 
a viable market for the supply of spares and repairs at an affordable price are common 
(Deverill P and Cotton A, 2000). No official polices as to technology choices result in 
limited (and in many cases no) access to the supply of spare parts to match the technology 
used (Harvey PA et al., 2003;Rukunga G et al., 2007). The lack of spare parts may be a major 
constraint in the sustainability of water supplies and can even lead to the water supplies being 
abandoned (Brikke F and Bredero M, 2003). The supply of spare parts for pump maintenance 
is one of the weak links in the quest for sustainability and examples of sustainable supply 
chains are rare (Harvey PA and Reed RA, 2006).
Poor operations and maintenance are often cited as a problem for many water supplies 
(Ahmed N and Sohail M, 2003 ;Intemational Reference Centre for Community Water Supply 
and Sanitation, 1981). Experience has shown that operation and maintenance of water supply 
systems once they have been installed poses severe difficulties for many water agencies (IRC 
International Water and Sanitation Centre, 1991;NETWAS, 2000;NETWAS (Tanzania), 
2000) and trained personnel are generally not available for operation and maintenance 
(International Reference Centre for Community Water Supply and Sanitation, 1981)
DECISION MAKING
-  Poor knowledge and understanding of community characteristics and needs
-  Lack of holistic methodology to establish community characteristics
-  Poor evidence base for decision making
-  Treatment technologies selected that are inappropriate for community characteristics
-  Distribution technologies selected that are inappropriate for community characteristics
-  Access to spare parts not accounted for in technology selection 
OPERATION AND MAINTENANCE
-  Poor operation and maintenance
-  Lack of trained personnel to carry out operations and maintenance
Figure 1.3: Treatment and distribution challenges for com m unity water supplies.
Piped supplies can be problematic when planning has been poor. Piped supplies may be 
selected which cannot in reality be afforded or managed resulting in the ‘beneficiaries’ worse
off then they would have been with a less superficially convenient but more reliable system 
based on hand-pumps (IRC International Water and Sanitation Centre, 1991).
In the regular cases when water is not piped, there are often difficulties with carriage with 
men and women having to walk many miles (Ahmed N and Sohail M, 2003;WASEP, 2001).
1.2.5 Consumer
The use of alternative and often unsafe water sources are a reality for many communities. 
Urban areas often have no alternatives and therefore rely on the public supply thus creating a 
‘demand’ however communities often have a choice and people have developed a criteria to 
choose between them. Water is usually seen as free and health considerations play a minor 
role (Ahmed N and Sohail M, 2003;Ballance RC, 1978;Intemational Reference Centre for 
Community Water Supply and Sanitation, 1981 ;IRC International Water and Sanitation 
Centre, 1991;NETWAS, 2000;NETWAS (Kenya), 2000;NSFI, 1999;Smet J and van Wijk C, 
2002;WWC, 2003)
BEHAVIOUR AND PERCEPTIONS
1. Use of alternative unsafe water sources
2 . Health considerations play a minor role
Figure 1.4: Consumer challenges for com m unity water supplies.
1.3 CHALLENGES TO DRINKING-WATER SAFETY FOR SMALL ISLANDS
The literature available on challenges experienced in the provision of drinking-water by small 
islands is limited. Much of the literature found is for Pacific Islands with very little available 
for islands in other geographical areas. It was noted for the literature reviewed in this section 
that very few if any of the documents reviewed demonstrated a holistic methodology for data 
and information collection. The challenges for small islands identified from an analysis of the 
limited available literature, indicates that they fall into the categories outlined in Table 1.1.
The ability of small island countries to effectively manage the water sector is often 
constrained by the small environment itself due to the isolated and fragmented nature of 
multiple island states within a vast ocean expanse. Regional constraints include; restricted 
land area; competing land uses; small population base; increasing population density on
‘capital’ islands and depopulation of the outer islands; isolated communities; high transport 
costs; limited economic development; limited tax revenue generation; poor and costly 
communication, electricity and water supply systems (due to low economies of scale); high 
vulnerability to natural disasters; climate variability; sea level rise issues; lack of coordination 
between donors (unreasonable donor restraints); international organizations and governments 
(Dworsky M, 2002). In many island countries, the challenges associated with meeting 
demand for water supply are so disturbing that they threaten economic development and the 
health of their people’ (WWC, 2003).
Table 1.1: Categories of challenges in the provision of safe drinking-water to small island communities.
1 Policy Development and Institutional Framework 
Challenges
a) Policy Development
b) Institutional Framework
c) Institutional Capacity
d) Decision Making
2 Catchment Challenges a) Pollution
b) Abstraction
c) Supply and Demand
3 Treatment and Distribution Challenges a) Decision Making
b) Vulnerability
4 Consumer Challenges a) Decision Making
b) Behaviour
1.3.1 Policy and Institutional Structure Challenges
Lack of political will or too much political interference can result in technology choices that 
are not sustainable and lead to the creation of unstable management structures with no 
consensus of opinion on priorities and responsibilities between stakeholders. This type of 
interference from vested interests happens in many countries but in the fragile ecology and 
limited resources of small islands, the outcomes can have disastrous long term effects that 
impact on the most vulnerable in society (Crennan L, 2002). Poor communication and 
collaboration mechanisms between associated departments with undefined roles and 
responsibilities and a lack of appropriate resources can affect the government’s ability to 
provide effective support. This problem is often compounded by the political instability 
found on many islands as well as fragmented legislation and a lack of resources for 
enforcement (Dworsky M, 2002;SOPAC and ADB, 2002). Policy development for small 
islands is particularly difficult, as there are often many competing demands for limited 
resources. The policy goal of providing absolute protection for all water sources/resources is 
often not a practical option for primarily social and economic reasons in small islands.
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Difficult decisions must be made with respect to acceptable levels of contamination/pollution 
of water resources in order to accommodate other land use requirements (Hill D, 2002). 
Over-lapping jurisdictions pose a problem but are a necessary reality in island countries with 
relatively small bureaucracies (Hill D, 2002;UNESCO, 1991). Sharing of information in 
some small island cultures is resisted for cultural and institutional reasons and there are 
difficulties in getting departments to communicate about inter-related problems and solutions, 
much less co-operate (Crennan L, 2002).
Challenges in the legal framework exist over land ownership, supporting water supply 
legislation and policy relating to the level of risk management that island countries consider 
appropriate to achieve standards put in place. Additional challenges include lack of integrated 
water resources planning which seek to translate policies into operational plans, institutions 
developed in accordance with those plans, implementation of established targets and 
benchmarks established and review mechanisms put in place plus appropriate enforcement 
mechanisms (ADB, 1996;Falkland A, 1992;Hill D, 2002;UNESCO, 1991).
Water rights may also be unclear, for example, legislation may claim that water resources are 
vested in the government yet customary land ownership encompassing land and other 
resources may result in conflict between the community and the government. As land on 
small islands is of very high value to its residents, land use restrictions can become a 
contentious issue creating a challenging environment for appropriate catchment management 
and the protection of water resources. This is particularly a problem in islands where 
catchment management programs have failed to appreciate local community needs, culture, 
land tenure and land use requirements (White I et al., 1999). Legislation may also fail to 
identify roles and responsibilities due to the absence of overarching water resources 
legislation (Falkland T, 2002).
Insufficient capacity is the key problem with regard to the appropriate management of water 
resources and supply. A lack of data and information gathering inhibits effective planning, 
decision making and management, which in conjunction with poor human resources and their 
management and the intermittent availability of funds severely effects capacity and the ability 
to effectively manage the provision of safe drinking-water (Dworsky M, 2002). Training and 
education has been raised repeatedly as a problem in many islands and there is a fundamental
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need for human development in association with wider institutional and capacity building. 
The availability of appropriately skilled or educated personnel is often a problem when there 
is only a small population to select from and where staff that are trained may move onto more 
profitable positions in the private sector or abroad (Sankey T et al., 97 A.D.;UNESCO et al., 
1994).
Some island cultures are substantially tribal based, adhering to a value system that elevates 
tribal and family allegiances above all else. The tribal system influences the stability of 
management (particularly when managers are selected not on the basis of policy mandates or 
knowledge but on tribal allegiances), the openness of government to external investment, the 
ability of external investors to access land for commercial operations, the capacity of 
indigenous entrepreneurs to initiate and manage successful businesses while coping with 
extended family demands, and the ability of staff to reliably give time to employment rather 
than family matters (ADB, 1996;Dworsky M, 2002).
POLICY DEVELOPMENT
-  Political instability, lack of political will and political interference
-  Difficulty in balancing limited resources in policy development
-  Lack of policy development
INSTITUTIONAL FRAMEWORK
-  No consensus of opinion between stakeholders
-  Poor communication and collaboration between stakeholders
-  Reluctance to share information
-  Undefined roles and responsibilities
-  Over-lapping jurisdictions due to small bureaucracies
-  Fragmented and undeveloped legislation
-  Lack of data and information gathering
INSTITUTIONAL CAPACITY
-  Lack of resources
-  Poor availability of appropriately skilled human resources
-  Insufficient training and education
-  Recruitment based on tribal allegiances rather than skill and competence. 
DECISIONMAKING
-  Arbitrarily made decisions and planning
Figure 1.5: Summary o f policy challenges for sm all island water supplies.
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1.3.2 Catchment Challenges
Availability of water resources on small islands is restricted by their characteristic size and 
topography, climatic conditions and variability (including the severe affects of natural 
disasters) and by water resources management and development methods such as over­
exploitation, land management practices and water quality degradation (Crennan L and Berry 
G, 2002;EMWIS, 2005;Falkland A, 1999;Falkland T, 2002;UNESCO, 1991).
Degradation of water quality is a major problem and pollution sources may include poor 
sanitation facilities, direct faecal contamination from animals and humans, inadequate solid 
waste disposal, increased sediment discharges from surface run-off during rainfall, chemical 
contamination from uncontrolled use of chemicals in agriculture and industry, leakage of 
hydrocarbons from storage and transport of fuels and persistent organic pollutants, hnpacts of 
pollution sources are often severe in the small, contained island environments (Brodie M et 
al., 1984;Detay M et al., 1997;Falkland T, 2002;Lau L and Mink J, 1987;Miller F et al., 
1991;UNEP, 2000;UNESCO, 1992). Pollution from sanitation systems is a particular 
problem in small islands due to high population density and the sometimes very challenging 
geological characteristics (Dillon P, 1997) and are often sited without concern for the 
direction of groundwater flow and in some circumstances according to guidelines which are 
not applicable to island environments (UNESCO, 1991). Land restrictions often lead to high 
competition for land use and problems have arisen on many small islands because people are 
living above or very close to the water resources they use for water supply causing pollution 
of water resources (White I et a l, 1999). Catchment management in these circumstances is 
very challenging as protecting water resources must be balanced with other requirements for 
the population’s welfare.
Increasing demand for freshwater makes the sustainable management of water resources a 
very high priority (EMWIS, 2005;Falkland T, 2002). This increasing demand may be a result 
of expanding populations, urbanization, increasing water demand per capita, increasing use of 
flush toilets, increasing demands from other economic sectors such as industry, agriculture 
and tourism and large leakage losses in distribution systems (Anderson E et al., 1999;Dahl C 
and Raynor B, 1996;UNESCO, 1991). In many cases supply is not able to meet these 
growing demands and it is often the most vulnerable groups in the population who are 
affected most and suffer from detrimental health affects as well as restricted supplies
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significantly stifling economic growth (Aquing P, 2005) from sectors dependent on the 
availability of water.
POLLUTION
-  Polluting activities in the catchment
-  Increased sediment discharges from surface run-off during heavy rainfall.
-  High competition for land use
-  Restriction of activities in the catchment unreasonable with small availability of land 
ABSTRACTION
-  Limited freshwater availability due to geology of islands
-  Fluctuating freshwater availability due to climate
-  Poor water resource managements
-  Over-exploitation
SUPPLY AND DEMAND
-  Insufficient supply to meet demand
-  Fast expanding populations/urbanization
-  Increased use of water use intensive technologies such as flushing toilets, dishwashers etc
-  Dramatically fluctuating population in the tourist seasons
Figure 1.6; Summary o f catchment challenges for small island water supplies.
1.3.3 Treatment and Distribution Challenges
Vulnerability refers to the risk of being harmed by unforeseen or unusual events. Small 
islands may be subject to meteorological and geological hazards. Climate hazards occur over 
a very wide range of spatial and time scales and include drought, flooding, cyclones 
(hurricanes) and storm surges. Geological hazards include volcanic eruptions, earthquakes, 
tsunamis and landslides. All are variable in nature and severity but have the capacity to 
greatly affect water resources, catchments and water supply infrastructure as well as adversely 
affecting the availability of human resources to operate and manage water supplies. Climatic 
hazards may be more predictable depending on seasons and therefore managed more easily 
although effects may still be devastating. Geological hazards have a relatively low frequency 
and are therefore difficult to predict with useful reliability (Hay J and Sem G, 2000;Scott D, 
2002;SOPAC, 2002).
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DECISIONMAKING
-  Inappropriate technology selection for small islands characteristics
-  Technological solutions implemented without adequate understanding or knowledge of 
small islands characteristics
ISLAND VULNERABILITY
-  Climate or geological hazards may result in flooding, cyclones, hurricanes, storm surges, 
earthquakes or eruptions which may damage or destroy the catchment, freshwater sources 
or water supply infrastructure.
-  Climate or geological hazards may reduce the availability of human resources to operate or 
manage the water supply
Figure 1.7: Summary o f treatment and distribution ehallenges for sm all island water
supplies.
There have been numerous examples of water supply technologies that have not been 
appropriate for either the natural environment or the socio-economic conditions of small 
islands. (Falkland T, 2002;Ibrahim S et al., 2002;Metutera T, 2002). Inappropriate 
technological solutions have often been implemented as a result of inadequate metrological, 
hydrological, hydro-geological and water quality information, insufficient emphasis given to 
water resources assessment in planning and development or inaccurate water resources data 
and information being used as a basis for analysis due to poor monitoring and/or 
interpretation (CSC, 1984;Ibrahim S et al., 2002;IETC, 1998;SOPAC et al., 2001;UNESCO, 
1991;UNESCO et al., 1994;WHO, 2001;WMO, 1999)
1.3.4 Consumer Challenges
Low levels of community consultation and education have resulted in communities or 
households not using the water supply services provided or misusing resources for reasons 
that are not understood. Community characteristics and needs may not be sufficiently 
accounted for and solutions used in many countries are not appropriate in islands where water 
resources are vulnerable. Cultural traditions are extremely valuable to protect natural 
resources and provide social security safety nets (Dworsky M, 2002) and are often excluded 
in the planning of new supplies. Centralised and government managed supplies have created 
a shift away from traditional household responsibility and concern for water conservation and 
protection. This is reflected in the careless use of water, the failure to report obvious leaks, 
reluctance to pay water bills, illegal connections, the degradation in water reserves and the 
general disinterest in the condition of the communal resource (Crennan L, 2002;Crennan L 
and Berry G, 2002;WaterAid, 2001).
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DECISIONMAKING
-  Community characteristics and needs not accounted for in decision making.
-  Management strategies that have ignored cultural traditions have resulted in low consumer 
responsibility for their water supplies.
-  Irrelevant and inappropriate awareness programs 
BEHAVIOUR
-  Lack of opportunity for positive behaviour changes
Figure 1,8: Summary o f consumer challenges for small island community water supplies.
Awareness programs may provide information that may not be relevant, complete or realistic 
if it does not take into account local insights, customs, circumstance and priorities and even if 
people have changed their attitudes and become convinced that different activities are 
desirable, they may lack the possibility or opportunity to change behaviour due to insufficient 
time, skills, flexibility or viable alternatives to meet their needs (Crennan L, 2002).
The problems faced by small islands to day in the provision of safe drinking-water have not 
changed in the last fifteen years. This extract has been taken from ‘Small Tropical Islands’ 
(Falkland A, 1992):
‘On many small islands, the water resources are administered either by a governmental department 
concerned with much broader responsibilities or by a number of departments. Inevitably, there is 
intense competition for the very scarce funds and manpower. Such a fragmentation o f responsibility 
among a number o f organizations also can lead to long delays in reaching decisions which may not 
necessarily be based on sound technical or economic grounds.
There also is often insufficient expertise to properly administer the many-faceted functions o f a water 
supply utility, regardless o f how small it may be. This problem is due to insufficient training, 
inadequate resources -  particularly funds for operations and maintenance tasks -  and inappropriate 
technology. Often there is little or no co-ordination between a multiplicity if agencies including water 
and health authorities, non-government organizations, bilateral and international aid agencies and 
United Nations organizations.
Difficulties o f transport and communications due to large distances from supply and information 
sources are common. This often results in long delays in obtaining necessary supplies. Large 
distances between islands o f an archipelago add to this problem. Reliance, in many cases, on short­
term expatriate advisory and management staff often leads to lack o f continuity in projects, with a
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consequent wastage o f resources and inefficiency. There is often incompatibility o f materials and 
equipment supplied from different sources. This is especially true for the many islands in developing 
countries where project assistance is obtained from different aid donors. The problem is made worse 
if  aid donors have conditions requiring the purchase of materials and equipment from the donor 
country.
The largely unskilled workforces on many small islands can result in water development and water 
supply projects not being operated and maintained correctly. Similar issues are still being 
experienced today even with the considerable increase in aid and participatory programs that have 
been carried out in the region. ’
1.4 THE WORLD HEALTH ORGANIZATION FRAMEWORK FOR SAFE DRINKING- 
WATER
The WHO Framework for Drinking-water Safety is based upon scientific consensus, best 
available evidence and broad expert participation (Bartram J et al., 2001) and has been 
developed based on the recognition that a more preventative approach is required to ensure a 
safe water quality (Cunliffe D, 2003;de Beir L et al., 2003;Hrudey S et al., 2002;Hrudey S, 
2003;0'Connor, 2002;Taylor M, 2006) and a need to adopt additional approaches to 
traditional end-of-product water quality monitoring in order to ensure drinking-water safety 
(Bartram J et al., 2003;Davison A et al., 2003;Ellerbroek L, 2003).
Securing safe drinking-water for small populations, often scattered over large geographical 
areas, poses tremendous logistical problems for which standards or guideline values alone can 
at best provide a mere reference point (Lloyd B and Helmer R, 1991) and the third edition of 
the guidelines provides a framework within which to improve drinking-water safety for a 
community, as well as other types of water supply.
The framework comprises of a holistic assessment of risk as a basis for decision making 
(Bartram J et al., 2001) and the management of these risks as a collaborative effort between 
all drinking-water stakeholders to reduce health risks to the consumer. The key stages of the 
approach include Health Based Targets to assess environmental exposure and develop policy 
goals of acceptable risk. Water Safety Plans to assess system specific risks and identify 
appropriate control measures to manage these risks and Surveillance to audit water safety
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plans and check compliance with policy objectives (Davison A et al., 2003;Deere et al., 
2001;Stevens M, 2003;WHO, 2004).
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Figure 1.9: Formulation and Implementation o f the WHO Framework for Safe Drinking-
water
1.4.1 INSTITUTIONAL STRUCTURE - Roles and Responsibilities
There is some guidance as to the roles and responsibilities in drinking-water safety 
management at an institutional level. ‘A preventative integrated management approach with 
collaboration from all the relevant agencies is the preferred approach to ensuring drinking- 
water safety’ (WHO, 2004). The institutional framework should have clear lines of 
accountability and communication and provide a structure within which to implement Water
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Safety Plans, Health Based Targets and Surveillance. Roles and responsibilities of the 
agencies are described in the guidelines and can be seen in Table 1.2 and Figure 1.10.
Table 1.2: Roles and responsibilities of drinking-water supply stakeholders. Identified in the Guidelines 
for Drinking-water Quality (WHO, 2004)
Role Responsibilities
NATIONAL AGENCIES
Water Resource 
Management
-  Assessment of land use on water quality
-  Inform decisions on land use in catchments
-  Regulate contamination of water resources
-  Co-ordinate with agencies whose activities may pollute water resources -  such as 
agriculture, traffic, tourism or urban development.
-  Formulate national policy for integrated water resources management
-  Setting up of local and regional structures to implement policy.
-  Provide guidance and tools to local and regional implementing departments.
Public Health -  Surveillance of health status and trends
-  Establishing norms and standards and Health Based Targets
-  Policy development
-  Guidance for drinking-water quality surveillance.
-  Balancing drinking-water safety management with access to reliable supplies of 
safe-drinking water.
-  Report on state of national water quality, health concerns and priorities.
-  Promote effective information exchange from a local to national level.
Plumbing -  Ensure that plumbing practices prevent the introduction of health hazards.
-  Building specific water safety plans
-  Ensure plumbers are appropriately qualified and competent.
-  Ensure installations and maintenance complies with local regulations.
-  Design of new building plumbing systems should be inspected and approved by the 
appropriate regulatory agency.
Certification
Agencies
-  Develop standards for materials and devices used in drinking-water supplies.
-  Verify devices and materials used for drinking-water supply meet these standards.
REGIONAL (IMPLEMENTING) AGENCIES
Local Environmental 
Health Authorities
-  Implementation of water resource and public health policies such as catchment 
inspection and water quality surveillance.
-  Provide guidance for designing and implementing drinking-water systems and 
correcting deficiencies.
-  Education on household water treatment when necessary.
-  Water hygiene awareness raising
-  Training for water treatment operations and management
-  Addressing social and cultural challenges that create water-related health risks.
-  Backstop and facilitate water supply management for sustainability.
LOCAL MANAGEMENT
Drinking-water 
supply agencies
-  To prepare and implement water safety plans
-  To participate in integrating water resource management
-  Initiating multi-agency collaboration for the delivery of safe drinking-water
Community
requirements
-  Involvement and support for drinking-water management including collection of 
data and information, decision-making, operations, management and surveillance.
-  Training to carry out the above.
-  Hygiene and health educational programmes.
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The Guidelines advocate a three-tiered approach to drinking-water management of national, 
regional and local level. The national agencies should create policies, legislation and 
standards to ensure drinking-water safety. The regional agencies roll out these policies and 
ensure that legislation and standards are adhered to. The local stakeholders are responsible 
for the operations and management of drinking-water supplies that comply with standards and 
legislation.
In particular, the agencies should collaborate in order to establish Health Based Targets and 
Water Safety Plans appropriate to a particular community. Figure 1.11 demonstrates that the 
formulation of the framework should be a collaborative effort from a grass roots level to the 
development of national policies. The role and responsibilities of the implementing agencies, 
particularly in the implementation of the Framework, will vary according to the capacity of 
the Drinking-water Supply Operation and Management Organisations and the necessary 
complexity of treatment required to provide safe drinking-water depending on local 
characteristics.
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Management
Department of Health
Water Quality 
Surveillance
Public Health 
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Plumbing Certification
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$
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Non-governmental
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Local Environmental 
Health Authorities
Private sector & other 
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$
Drinking-water 
supply agencies
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Management
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Consumers
Drinking-water Supply Organisations
Figure i.io ;  Roles and responsibilities o f drinking-water supply stakeholders. Extracted 
from the Guidelines for Drinking-water Quality (WHO, 2004)
20
The Water Safety Plan Team which is discussed in more detail in Section 1.4.2.1 is an 
integral part of the formulation and implementation of the WHO Framework at the grassroots 
level. Members of the team may require additional expert support, the complexity of which 
will vary on a case by case basis. Each tier of the Institutional Structure should provide a 
‘blanket’ of support for the operations and management of the drinking-water supply as seen 
in Figure 1.12. The Water Safety Plan team should be made up of local, appropriately skilled 
people. Gaps in local skills can be filled by institutional national and implementing agencies 
as appropriate.
SURVEILLANCE
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Figure i . i i ;  Stakeholder Roles in the Formulation and Implementation o f the WHO
Framework for Safe Drinking-water
A clear distinction should be made between the Water Safety Plan team, the WHO 
Framework and the Country-wide Institutional Structure as illustrated in Figure 1.13. The 
WHO Framework is made up of three elements associated with drinking-water safety, 
including Health Based Targets, Water Safety Plans and Surveillance.
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The Country-wide Institutional Structure is constructed of appropriate agencies to formulate 
and implement the WHO Framework and the Water Safety Plan team has the sole 
responsibility of developing water safety plans at a local level for the delivery of safe drinking 
water.
National Agencies
Im plem enting
Agencies
Drinking-
water
Suppliers
Figure 1.12; The Water Safety Plan Team and supporting Institutional Structure for  
formulation and implementation o f the WHO Framework.
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Im plem entation o f the WHO Framework
WHO Framework for Safe Drinking-water
Health Based Water Safety Surveillance
Targets Plans
Water Safety Plan 
Team
Figure 1.13: Relationship between the WHO Framework, Countiy W dë ï n ^  
Structures and the Water Safety Plan Team.
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1.4.2 HEALTH BASED TARGETS - Formulation, Implementation and Evaluation
Very few developing countries have developed a systematic approach to disease data 
gathering which consistently applies down to health centre and health post level. In rural 
areas the recovery of epidemiological data presents particular problems in terms of obtaining 
reliable data from statistically adequate populations. In terms of the relationship between 
water-related disease and water supply service indicators the problem is compounded by the 
fact that even if the health data recovery system is in place the geographical distribution of the 
population rarely matches the area served by a water supply (Lloyd B and Helmer R, 1991). 
Health based targets are a multi-faeeted approach that can be used to establish water quality 
and public health targets. They can also be used to inform system specific and public health 
assessments and decision-making as well as provide an indicator of success for existing 
management plans. Although epidemiological data is useful, the addition of further methods 
of health assessment provides a more holistic overview of the health of a community and 
priorities for reduction in disease.
There are four main types of health based targets that take into account the level of risk of 
exposure and the adverse health affects over time (WHO, 2004). In addition to the resulting 
monitoring and management strategy - health outcome, water quality, performance and 
specified technology targets. The timing of likely contamination is crucial to the overall 
planning of appropriate management and therefore target choice. Sudden increases in 
contaminant concentration that have large adverse health affects need to be prevented whereas 
risks that may have health impacts from prolonged exposure but are not critical may be 
managed through more traditional methods such as end-product testing to monitor levels in 
the supply and reduce in the longer term.
The formulation of health based targets is carried out using Quantitative Microbial Risk 
Assessment (QMRA) to assess environmental exposure to pathogens, Disability Adjusted 
Life Years (DALYs) to eharaeterise risk (Haas C and Eisenberg J, 2001) and assess the public 
health affects of exposure (Deere et al., 2001) and therefore the ability to prioritise health 
risks (Haas C et al., 1993;Macler B and Regli S, 1993). The main concepts behind the 
approach will be outlined here.
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1.4.2.1 Environmental Exposure Assessment of Microbial Risk
The assessment of microbial risk using Quantifiable Microbial Risk Assessment (QMRA) can 
be carried out using an environmental exposure assessment which examines pathogen 
behaviour in the environment, the transmission routes to susceptible populations and the 
likelihood of illness resulting from exposure (Bartram J et al., 2001). QMRA has been 
developed from chemical risk models and in its simplest form consists of four steps; Hazard 
assessment, Exposure assessment, Dose-response analysis and Risk characterisation (Haas C 
and Eisenberg J, 2001).
The purpose for the exposure assessment is to determine the microbial doses typically 
consumed by the direct user of water. In water microbiology, this necessitates the estimation 
of raw water micro-organism levels followed by estimation of the likely changes in microbial 
concentrations with treatment, storage and distribution (Regli S et al., 1991;Rose J et al., 
1991).
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Figure 1.14: Faecal-oral pathogen transm ission routes. Derived from  (Carr R, 2001)
Transmission of pathogens may be from and via a variety of sources but human excreta and 
the lack of adequate personal and domestic hygiene have been implicated in the transmission 
of many infectious diseases (Carr R, 2001). Transmission is affected by an organism’s ability 
to survive or multiply in the environment, the time for pathogens to become infective, barriers
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to exposure (Deere et al., 2001;Fewtrell L et al., 2005) and the organism’s ability to infect the 
host in addition to behaviour and immunity of the host (Carr R, 2001) as outlined in figure 
1.14.
Dose-response assessment determines the impact that a hazard has on the population, given 
the concentration that the population is exposed to. Dose-response factors are calculated for 
many chemicals and some micro-organisms, based on animal and feeding studies and studies 
of waterborne disease outbreak. The results of these studies provide information on the 
severity of the health effects from exposure to different levels of a given hazard (Deere et a l, 
2001) i.e. exposure to a described dose leads to the probability of infection (WHO, 2004).
Statistical dose-response models, (exponential and beta-poisson model) have been developed 
to quantify the relationship between the number of ingested organisms and the probability of 
infection (Black R et a l, 1988). Although there are some limitations as to their use (Bartram 
J et al., 2001;Pruss A and Havelaar A, 2001) they have been developed from biologically 
plausible assumptions about the infection process (Haas C and Eisenberg J, 2001).
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Figure 1.15: Risk characterization procedure to estim ate burden o f disease.
Risk characterisation is the consolidation of information from exposure assessment and dose- 
response assessment (WHO, 2004). Characterising the risk involves determining the
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likelihood of an adverse effect from exposure to the specific hazard (Deere et a l, 2001). This 
process can be used to measure the burden of disease (Disability Adjusted Life Years or 
DALYs) which is an integrated measure that combines years of life lost by premature 
mortality (YLL) with years lived with a disability (YLD), standardised by means of severity 
weighting (Haas C and Eisenberg J, 2001;Pruss A and Havelaar A, 2001).
There is some uncertainty and variability in establishing the risk estimate (Haas C et al., 
1993;Haas C and Eisenberg J, 2001 ;NAS, 1983;Pruss A and Havelaar A, 2001)as well as 
aspects of immunity (Craun G et al., 1998;Hunter P, 1999;Hunter P and Quigley C, 
1998;Payment P and Hunter P, 2001;Pruss A and Havelaar A, 2001) that must be accounted 
for in the risk assessment process (Haas C and Eisenberg J, 2001), however this is arguably 
the best currently available approach to provide a method of standardising and comparing 
health risks (Pruss A and Havelaar A, 2001;WHO, 2004)
When considering only health-related outcomes of environmental interventions, difficult 
choices have to be made regarding the relative priority that should be given to multiple 
interventions competing for limited available resources (Bartram J et a l, 2001). Determining 
proportion of disease due to contaminated water is problematic (Payment P and Hunter P, 
2001) as is the dilemma of balancing the health effects of disinfection by-products with 
reducing the risk of infectious disease (Craun 0  et al., 1994).
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Figure i.i6 : Relationship o f water-related disease to total burden o f disease in  a
community.
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Figure 1.16 represents disease burden for a community in which Pathogen B is of greatest 
priority for water-related disease and should be prioritised by drinking-water stakeholders but 
Pathogen A is the greatest cause of disease in the community from other transmission routes 
and should be prioritised for intervention by health officials. If exposure to a given pathogen 
mostly occurs from non-water related sources and only 5% of the burden of disease is 
associated with (for example) drinking water, then it may be reasonably argued that a greater 
public health benefit is likely to be achieved by intervening in the other routes of exposure 
(Bartram J et al., 2001). In general, microbiological disease tends to be the greatest risk from 
drinking-water supplies, but decisions should be made on the systematic assessment of each 
community to fully understand the health risks and, therefore, prioritise interventions (WHO, 
2004).
There are a number of approaches to define acceptable risk that take account of stakeholder 
judgement and consensus of opinion, political priorities, consumer tolerance and economic 
savings (Hunter P and Fewtrell L, 2001;Klapp, 1992;WHO, 2004). The disease burden 
approach quantifies risk so health risks can be approached in terms of total disease burden of 
a community. Acceptability can be defined in terms of risk falling below an arbitrary defined 
level which can indicate a clear policy objective. This may be expressed as a reference level 
of risk measured in DALYs from one source (Hunter P and Fewtrell L, 2001;Macler B and 
Regli S, 1993;WHO, 2004). The WHO reference level of risk is 1 x 10^ DALYs derived 
from levels of protection afforded to toxic chemicals (WHO, 2004). However, even countries 
with the most sophisticated drinking-water supplies may not be able to meet this target 
(Aboytes R and LeChevallier M, 2003;Haas C and Eisenberg J, 2001 ;LeChevallier M, 
2003;Payment P and Hunter P, 2001;Pruss A and Havelaar A, 2001) which has been set at 
this level to represent the point at which ‘no further improvement in safety need be made’ 
(RCEP, 1998) as a constant reminder to water suppliers that improvements in drinking-water 
safety can always be made.
Approaches to reliably estimate the disease burden are under development (Havelaar A, 
1998;Macgill S et al., 2001;Murray C and Lopez A, 1996;Pruss A and Havelaar A, 2001) and 
represent an important development, as they allow changes in public health and water-supply 
system performance to be monitored in addition to enabling operational and monitoring plans 
to be verified. Establishing the public health status for each iteration of the safe drinking-
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water framework (normally annually) is important, enabling realistic health based targets to 
be set based on characteristics specific to a country and the speed of likely improvement and 
changes to be monitored (Bartram J et al., 2001).
Health Based Targets are a tool to encourage progress in the drinking-water industry towards 
safer water supplies as well as an important source of information for decision-making, 
planning and verification of goals. The formulation, implementation and evaluation of health 
based targets as briefly described in section 1.4.2.1 -Health Based Targets have a number of 
functions that can be seen in Table 1.3.
Table 1.3: Function of Health Based Targets
Process Function
1. Formulation of Quantitative 
Microbial Risk Assessment for the 
system assessment
-  Environmental exposure assessment of pathogens from 
catchment to consumer
-  Water quality assessment when regular monitoring has not 
or cannot be carried out
-  Holistic assessment of the adequacy of the existing water 
supply installations (and multiple-barriers) to provide safe 
drinking-water;
-  Estimation of short-term deteriorations in water quality, as 
well as long-term water quality trends;
-  Identification and prioritisation of hazards to drinking- 
water safety
-  To promote of understanding of the contribution to water 
safety of each stage of the multi-barrier approach;
-  To encourage engineers/technicians to actively search for 
relevant data to understand environmental exposure and 
identify data gaps.
2 Selection of Health Based Target 
type
-  Informs decision-making and planning for water supply 
management that enables the selection of appropriate 
operational management strategies (i.e. preventative or 
traditional monitoring) depending on water quality 
parameters.
3 Implementation of Quantitative 
Microbial Risk Assessment
-  Informs decision-making and planning for water supply 
management that enables the selection of appropriate 
technologies for known water qualities and is a method for 
comparison between different technologies to inform 
decision making of the most economical and sustainable 
options.
4 Formulation of Disability Adjusted 
Life Years
-  Compares the burden of disease of different diseases from 
various transmission routes;
-  Measures health outcomes of interventions;
5 Implementation of Disability 
Adjusted Life Years
-  Informs decision making
-  enables the balancing of public health risks;
-  enables the development of acceptable context specific 
public health risk policies.
6 Implementation of a reference level -  Provides policy objectives of acceptable health risk
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of risk for water quality and public 
health targets
-  Encourages the incremental progress in water quality and 
public health formulated to be realistic under local 
operating conditions;
-  Encourages the consistent improvement in drinking-water 
safety for ALL drinking-water supplies, not just those 
considered unsafe.
7 Evaluation of Health Based Targets -  Provides an indictor of success for water quality and 
public health management plans
-  A method of verifying and validating operational 
management plans;
-  Validates preventative and traditional monitoring plans.
1.4.3 WATER SAFETY PLANS - Formulation, Implementation and Evaluation
The Water Safety Plan approach has been developed based on knowledge of best available 
practice of risk management approaches (Davison A et al., 2003;Deere et al., 2001 ;Ellerbroek 
L, 2003;Hellier K, 2003;Rouse M, 2003;Stevens M et al., 1995;WHO, 2004). The three main 
components of the approach include assembling a team of principle stakeholders that 
contribute to the management of drinking-water, assessing the characteristic risk of the 
drinking-water supply system and developing strategies to manage those risks.
1.4.3.1 Water Safety Plan Team
It was acknowledged in the case-studies carried out in the implementation of Volume 3 that 
active participation of all responsible stakeholders is a pre-requisite for project success (Lloyd 
B and Helmer R, 1991). The water safety plan team is designed as a forum with which to 
advocate this participation. The water safety plan team should comprise of all stakeholders 
involved in the management of drinking-water supply and the beneficiaries of that supply. 
Stakeholders should be included for catchment management, treatment and distribution of the 
drinking-water supply and the subsequent household infrastructure and consumer handling. 
These responsibilities are often spread among many different agencies, examples of which are 
shown in Figure 1.17. Appropriately knowledgeable representatives from each agency should 
be included in the team in order to advise as to the existing circumstances (for the risk 
assessment) and have the necessary authority to implement the necessary changes needed to 
manage these risks (Davison A et al., 2003;Deere D, 2003a;Hellier K, 2003;Howard G et al., 
2003;WHO, 2004).
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Figure 1.17; Examples o f stakeholders that may be included in  the W ater Safety Plan
Team.
1.4.3.2 Risk Assessment
The risk assessment should be carried out to incorporate all the characteristics of the drinking- 
water supply so that a holistic understanding of the hazards and their interaction can be 
understood as far as possible within the range of the available data and information (Davison 
A et al., 2003;Deere D, 2003c;Howard G et al., 2003). In order to carry this out an 
understanding of the origins of microbiological and chemical risk (de Beir L et al., 
2003;Deere et al., 2001;Fawell J, 2003;Heijnen H et al., 2003;Metge S et al., 2003;Stevens M 
et al., 1995) is necessary so that hazards can be identified for specific systems and 
consumption highlighted as the risk assessment end-point (Deere D, 2003b), as reducing 
health risks to the user is of primary concern. In its’ initial iteration an important outcome of 
the assessment should be to establish what additional data would improve the accuracy of the 
assessment, provision for further data collection can then be incorporated into risk 
management strategies (Bell G, 1999). The arrangement of water-borne contamination 
sources and barriers is never perfectly understood (Deere et al., 2001) but this understanding 
can be significantly increased with appropriately available data and information.
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Figure 1.18; Sources and transm ission o f hazards in  drinking-water supplies.
The prioritisation of hazards by classifying their severity and likelihood allows the level of 
risk to the consumer to be established (Davison A et al., 2003;Deere et al., 2001;Metge S et 
al., 2003;WHO, 2004). In the majority of cases microbiological risk is usually considered the 
highest followed by chronic chemical exposure and low-level chemical exposure (Heijnen H 
et al., 2003;WHO, 2004) but this should never be assumed and always be established using 
the risk assessment strategy.
1.4.33 Risk Management
In essence risk management is the development of control measures to ensure drinking-water 
safety (Davison A et al., 2003). Control measures consist of barriers to potential sources of 
contamination and strategies to manage these barriers, thereby ensuring that the overall risk to 
end-users as a result of the interaction of the barriers does not exceed the policy objective of 
acceptable risk (Davison A et al., 2003;Deere et al., 2001 ;WHO, 2004).
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The multiple barrier approach to drinking-water safety is fundamental in this reduction of 
risk. This approach assumes that hazards are present in the environment and should be 
managed through the multiple stages of drinking-water supply by preventing contamination 
entering raw water, removing particles from water, inactivating micro-organisms and 
maintaining water quality during distribution (Nokes C and Taylor M, 2003) in order to 
incrementally reduce risk.
The more of these barriers are in place the greater the reduction in risk and the more likely the 
system will be able to cope with acute exposure to contamination and maintain the provision 
of safe drinking-water should failure occur in any one barrier (Deere et al., 2001;Nokes C and 
Taylor M, 2003;Stevens M, 2003).
The WSP procedure results in three main risk management outputs:
1. The WSP operational manual: Control measures are managed through operational 
procedures; maintenance and monitoring activities that ensure that operational limits 
are not exceeded and that an adequate level of drinking-water safety is maintained 
(Davison A et al., 2003;Deere et al., 2001). The performance of each control measure 
may vary depending on operational conditions and limits are set to indicate when 
intervention in operations are required, usually in the form of normal operating 
maintenance to ensure on-going drinking-water safety.
2. The WSP supporting programs: In many cases there may be conditions outside the 
direct control of the drinking-water supplier that can have a large effect on drinking- 
water safety and direct (or physical) control measures will need to be supported via the 
use of appropriate legislation, awareness and education (Davison A et al., 2003;WHO, 
2004). Other ‘software’ components vital to the success of operational procedures for 
drinking-water safety may be in the form of human resource management for 
identification of appropriately skilled personnel, on-going training and employee 
satisfaction for staff retention (Davison A et al., 2003;Schlicht H, 2003).
3. The WSP action plan: It is rare that operating conditions will be perfectly understood 
and controlled (Deere et al., 2001;Howard G et al., 2001) and plans for improvement 
should be in place and regularly reassessed as part of the annual WSP assessment. 
This is the process of recognising where data necessary to fully understand the system 
is missing and the subsequent development of more extensive data collection
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strategies. The assessment also requires the identification of appropriate preventative 
measures; identification of the resources required to implement preventative measures 
and the compilation of a plan for implementation that incorporates any necessary 
capacity building.
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Figure 1.19: The multi-barrier approach to risk management.
Documentation and records are essential for reviewing the adequacy of the WSP (Howard G 
et al., 2003) and the adherence to or validation of the water supply system. By tracking 
records generated by the WSP system, an operator or manager can become aware that a 
process is approaching its operational limit (Bosshart U et al., 2003;Davison A et al., 2003). 
The records can enable long term trends in performance indicators to be evaluated. In 
addition they can provide a basis for meaningful audit, reporting and management review 
(Godfree A, 2003;Hellier K, 2003) of the water safety plan, as well as providing data and 
information for decision-making and planning (Schlicht H, 2003).
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Figure 1.20: Formulation and Implementation o f W ater Safety Plans
Water Safety Plans are a tool to manage system specific risks to a drinking water supply and 
increase drinking-water safety in incremental steps. It is a holistic approach that incorporates 
all aspects from catchment to consumer and takes account of all physical, economic, political 
and social characteristics of the supply. The stages of assembling a water safety plan team, 
assessing risk and implementing risk management strategies each have significant purpose.
Table 1.4: Function of Water Safety Plans
Process Function
1 Assembling the water Safety Plan 
team
-  Identification of the roles and responsibilities of all 
stakeholders operating and managing the system
2 Risk Assessment -  Collation of all available data and informs stakeholders of 
system specific characteristics in addition to the supporting 
framework.
-  Collates all available data and informs stakeholders of 
hazards to drinking-water safety
-  Collates all available data and informs stakeholders in 
order to prioritize risks with the available evidence whilst 
understanding that existing gaps in data reduce accuracy of 
decision-making and planning.
3 Development of Water Safety Plan 
Operational Manual
-  To prevent hazards entering the drinking-water supply with 
available resources
-  To develop appropriate monitoring plans to notify of
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barrier failure in time to prevent contaminated DW 
reaching consumers
-  To assign responsibility of each risk management process 
to appropriate stakeholders throughout the system.
-  To record outcomes of processes and procedures to assess 
adequacy of risk management plans and inform future 
iterations in risk assessment.
-  To regularly and continually update knowledge on hazards 
to and characteristics of the supply
-  To adequately balance risks with available resources
4 Development of the Water Safety 
Plan Supporting Program
-  To develop supporting legislation, regulations, codes of 
practice, monitoring and enforcement.
-  To ensure that appropriate training is provided for 
operational and management personnel
-  To ensure the appropriate management of human resources 
for staff retention
-  To manage assets to improve long-term economic gains.
5 Development of the Water Safety 
Plan Action Plan
-  To regularly and continually update knowledge of hazard 
prevention strategies and available technologies.
-  To carry out data collection to increase knowledge of 
hazards and their characteristics
-  To plan for scaling-up to implement appropriate barriers to 
contamination that ensures a continuously safe supply to 
the consumer
-  To identify resources for scaling-up
-  To plan for capacity building is provided in order to 
operate and manage existing and planned improvements.
-  To scale-up supporting legislation and enforcement
1.4.4 SURVEILLANCE
Ensuring safe drinking-water in scattered and isolated communities is an enormous challenge. 
The third edition of the guidelines provides an alternative method to more traditional 
surveillance strategies which enables stakeholders to make choices as to what is the most 
appropriate surveillance method with existing capacity and resources. Safe drinking-water 
surveillance in the form of audits independently verifies that Water Safety Plans are operating 
correctly. Control measures are validated to determine if the WSP is appropriate and that 
correct operational monitoring is being undertaken. Additional verification in the form of 
end-of product testing provides evidence that the WSP as a whole system is working properly 
(Davison A et al., 2003;Stevens M et al., 1995;WHO, 2004).
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FORMULATION
D ata C ollection D ata M anagem ent
Water Quality 
Monitoring Results
Water Supply Audits Legal, drinking water supply and 
quality expertise
Assessment of data 
gapsFrequency of use of 
different types of supply 
and characteristics of 
the user
Effectiveness of control 
measures
Strategies for implementing 
surveillance, collating, analysing 
& summarising data
EFFECTIVE MANAGEMENT & USE OF INFORMATION
▼
CILLAtSURVEIL NCE
IMPLEMENTATION
HEALTH BASED WATER SAFETY PLANS EVENTS
TARGETS Validation & Verification Recommendations for
Compliance with Policy remedial action
Objectives
REPORTING & DISSEMINATION OF FINDINGS
V
Rational im provem ent o f  w a ter supplies based on available resources fo r  the 
maximum benefit o f  public health  (WHO, 2004 )
F igure 1.21: F orm ula tion  an d  Im plem en tation  o f Surveillance
This process completes the framework cycle and provides appropriate data and information to 
improve water safety plans and update policy objectives in relation to health based targets. 
The monitoring, recording and documentation of the WSP approach is a vital component that 
allows the audit of the documentation to verify compliance with policy objectives WITHOUT 
resorting to more traditional surveillance methods of third party monitoring which require a 
higher level of resources.
1.5 DISCUSSION
1.5.1 Comparison of Challenges for Community and Small Island Water Supplies
Table 1.5 is a summary of the policy and institutional challenges of both small islands and 
community water supplies. It can be seen that there are many similarities with regard to 
difficulties with policy development, institutional framework and capacity and decision
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making. In fact, at a country-wide, institutional level community and small island water 
supply management challenges revealed here are almost identical.
Table 1.5: Summary of Policy and Institutional Challenges for Community and Small Island Water 
Supplies__________________________________
Community Small Island
POLICY DEVELOPMENT
-  Poorly constructed policies that are unsustainable, 
misused or ignored.
-  Lack of consistency in and between policies
-  Avoidance of policy development to prevent 
accountability
INSTITUTIONAL FRAMEWORK
-  Poor organization of institutional structures 
leading to confusion and conflict between 
stakeholders
-  Unclear roles and responsibilities between 
stakeholders
-  Confused and conflicting legislation
-  Poor co-ordination and collaboration between 
stakeholders
INSTITUTIONAL CAPACITY
-  Poor governmental capacity
-  Insufficient resources
-  Loss of institutional memory
-  Excessive bureaucracy
DECISION MAKING
-  Arbitrarily made decisions and planning
POLICY DEVELOPMENT
-  Political instability, lack of political will and 
political interference
-  Difficulty in balancing limited resources in policy 
development
-  Lack of policy development
INSTITUTIONAL FRAMEWORK
-  No consensus of opinion between stakeholders
-  Poor communication and collaboration between 
stakeholders
-  Reluctance to share information
-  Undefined roles and responsibilities
-  Over-lapping jurisdictions due to small 
bureaucracies
-  Fragmented and undeveloped legislation
-  Lack of data and information gathering
INSTITUTIONAL CAPACITY
-  Lack of resources
-  Poor availability of appropriately skilled human 
resources
-  Insufficient training and education
-  Recruitment based on tribal allegiances rather than 
skill and competence.
DECISION MAKING
-  Arbitrarily made decisions and planning
Table 1.6 is a summary of financial challenges. Surprisingly there was no evidence of 
financial challenges identified in the literature for small islands. It is strongly suspected that 
this is from a lack of available evidence, rather than absolutely no challenges in this area.
Table 1.6: Summary of Financial Challenges for Community and Small Island Water Supplies
Community Small Island
DECISION MAKING
-  Difficulties obtaining good cost data on water 
supply and sanitation
-  Poor awareness of the costs of supply
-  Arbitrarily set tariffs
-  Affordability not accounted for in planning.
MANAGEMENT AND OPERATIONS
-  Operational difficulties with meter reading.
-  Inadequate accounting and poor financial
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management
-  Poor economies of scale.
CONSUMER BEHAVIOUR AND PERCEPTIONS
-  Consumer fear of corruption.
-  Poor or nor willingness to pay
Table 1.7 is a summery of catchment challenges and although there is similarity between 
community and small island supplies, there was significantly more evidence for small islands. 
This is possibly due to lack of evidence in the literature for community water supplies or it 
may be plausible that catchment challenges are considered less important for small 
community supplies in relation to the many challenges experienced elsewhere.
Table 1.7: Summary of Catchment Challenges for Community and Small Island Water Supplies
Community Small Island
POLLUTION
-  Microbiological contamination from human and 
animal activity
MANAGEMENT
-  Land ownership difficulties preventing adequate 
management
POLLUTION
-  Polluting activities in the catchment
-  Increased sediment discharges from surface run­
off during heavy rainfall.
-  High competition for land use
-  Restriction of activities in the catchment 
unreasonable with small availability of land
ABSTRACTION
-  Limited freshwater availability due to geology of 
islands
-  Fluctuating freshwater availability due to climate
-  Poor water resource managements
-  Over-exploitation
SUPPLY AND DEMAND
-  Insufficient supply to meet demand
-  Fast expanding populations/urbanization
-  Increased use of water use intensive technologies 
such as flushing toilets, dishwashers etc
-  Dramatically fluctuating population in the tourist 
seasons
Table 1.8 is a summary of treatment and distribution challenges. It is interesting to note that 
there is no evidence as to the challenges associated with operations and maintenance for small 
islands and limited decision making. Islands have specific challenges associated with 
vulnerability due to their exposure to adverse climate conditions and propensity to geological 
disasters such as earthquakes and volcanic eruptions.
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Table 1.8: Summary of Treatment and Distribution Challenges for Community and Small Island Water 
Supplies__________________________________
Community Small Island
DECISION MAKING
-  Poor knowledge and understanding of community 
characteristics and needs
-  Lack of holistic methodology to establish 
community characteristics
-  Poor evidence base for decision making
-  Treatment technologies selected that are 
inappropriate for community characteristics
-  Distribution technologies selected that are 
inappropriate for community characteristics
-  Access to spare parts not accounted for in 
technology selection
OPERATION AND MAINTENANCE
-  Poor operation and maintenance
-  Lack of trained personnel to carry out operations 
and maintenance
DECISION MAKING
-  Inappropriate technology selection for small 
islands characteristics
-  Technological solutions implemented without 
adequate understanding or knowledge of small 
islands characteristics
ISLAND VULNERABILITY
-  Climate or geological hazards may result in 
flooding, cyclones, hurricanes, storm surges , 
earthquakes or eruptions which may damage or 
destroy the catchment, freshwater sources or water 
supply infrastructure.
-  Climate or geological hazards may reduce the 
availability of human resources to operate or 
manage the water supply
Table 1.9 is a summary of consumer challenges. More evidence is available as to the 
consumer challenges for small islands however the specific challenges of use of unsafe water 
sources and health considerations playing a minor role have not been specified and this is 
again, suspected to be due to lack of evidence for small islands rather than these challenges 
not being experienced.
Table 1.9: Summary of Consumer Challenges for Community and Small Island Water Supplies
Consumer Small Islands
BEHAVIOUR AND PERCEPTIONS
1. Use of alternative unsafe water sources
2. Health considerations play a minor role
DECISION MAKING
-  Community characteristics and needs not 
accounted for in decision making.
-  Management strategies that have ignored cultural 
traditions have resulted in low consumer 
responsibility for their water supplies.
-  Irrelevant and inappropriate awareness programs
BEHAVIOUR
-  Lack of opportunity for positive behaviour 
changes
Tables 1.5 to 1.9 compare the challenges identified in the literature for community and small 
island water supplies. Although there is still much work to be done on community water 
supplies, there are many suspected gaps in the challenges identified for small islands. It is, 
however, interesting to note that there is considerable overlap of challenges for community 
and small island supplies, particularly at an institutional level.
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1.5.2 Challenges in the delivery of safe drinking-water for small islands
The majority of literature available for small islands is mainly from the Pacific region with 
only a few sources dealing with islands in other regions. Peer-reviewed publications were 
also particularly difficult to find with the majority of the sources being conference 
proceedings, working group reports and non-peer reviewed research. It should also be noted 
that the 36 documents reviewed were close to the full extent of literature that could be found -  
there is very limited literature available for the provision of drinking-water to small islands. I 
speculate that this somewhat limited volume of literature confirms the need for further 
research to be carried out in this area.
The main findings about the literature review on the challenges of drinking-water provision to 
small islands are;
1. The literature available for small islands is almost all specific to the Pacific region and 
incorporates a large proportion of the evidence available.
2. There is limited available literature and almost all of what could be found has been used 
for this review.
3. There is no evidence that any methodology has been used or is available for the holistic 
assessment of challenges to drinking-water safety that incorporates all aspects of drinking- 
water supply and management.
Table 1.10 is a summary of all the challenges for the supply of drinking-water to small islands 
which fall under five main categories: Policy and Institutional Structure, Catchments,
Treatment, Distribution and Consumer.
Table 1.10: Summary of all challenges for small island drinking-water supplies
POLICY AND INSTITUTIONAL STRUCTURE
-  No policy development
-  No guidance or methodology to create effective and appropriate policy
-  Unclear roles and responsibilities between stakeholders
-  Poor communication and collaboration between stakeholders
-  No consensus of opinion between stakeholders
-  Unclear and confusing legislation
-  Insufficient availability of resources
-  Poor government capacity
-  Small bureaucracies and poor availability of skilled personnel creating a need for over-lapping roles and 
responsibilities.
-  Cultural conditions creating a lack of willingness to share information
-  A lack of data and information collection
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-  Poor availability of skilled personnel
-  Cultural conditions where recruitment is based on tribal allegiance rather than skill and competence.
CATCHMENTS
-  Raw water pollution
-  Land use and ownership in the catchment
-  Limited and fluctuating availability of freshwater sources
-  Demand that can dramatically fluctuate and exceed supply
TREATMENT AND DISTRIBUTION
-  Non-evidence based decision and making and planning
-  Insufficient data and information of community characteristics and needs to make appropriate technology 
decisions and planning.
-  Lack of methodology for the holistic collection of data and information
-  Inappropriate technology selection
-  Vulnerability of water supply infrastructure from natural disasters, extreme weather events and geological 
instability.
-  Vulnerability of human resources for the management and operation of the water supply from natural 
disasters, extreme weather events and geological instability.___________________________________
CONSUMER
-  Consumer management and awareness strategies that have not been planned based on sufficient evidence 
of community characteristics and needs.__________________________________________________
The available literature for small islands clearly indicates that there are many challenges with 
policy and institutional structure. There is less reporting and analysis of other well known 
community challenges such as financial arrangements, operational difficulties with treatment 
and distribution and consumer behaviour. It is not possible from the available literature to 
establish if this is due to these areas not being considered a challenge for small island 
communities or that they simply have not been adequately documented to date. Further 
information and data on water supplies in small islands would:
-  Provide more evidence as to the challenges of small island water supplies that would fill
in some of the potential gaps in the existing literature.
-  Provide evidence of challenges found by small islands in a region of the world other than
the Pacific region.
-  Verify if there are core challenges specific to small islands.
Throughout the literature reviewed, as mentioned previously, no methodology was found to 
holistically assess challenges from catchment to consumer inclusive of the institutional 
structure. Rarely did any of the documented evidence assess the challenges to drinking-water 
safety in their entirety for the communities that were either involved in the project, observed 
or researched. The development of a methodology to carry out the holistic assessment of 
challenges to community water supplies would enable a more rounded understanding of the 
factors influencing drinking-water management in a community and may provide a more 
complete evidence based approach for decision making and planning.
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1.5.3 The World Health Organization Framework for Safe Drinking-water as a 
Methodology for Overcoming Challenges to Safe Drinking-water Supply for Small 
Islands.
As discussed in Section 1.6.1 the available literature highlights many challenges to drinking- 
water safety for small islands such as policy and institutional arrangements and water supply 
from catchment to consumer. There may be many factors that have led to these challenges 
including, a poor understanding of community and water supply characteristics, unawareness 
of system specific challenges, a lack of evidence-based decision-making, poor co-ordination 
and collaboration between stakeholders and no consensus of opinion regarding appropriate 
management strategies, priorities and goals.
The structure of the WHO framework has been designed in such a manner that many of these 
challenges may be addressed by following the structure and processes laid out in each of the 
steps of formulation, implementation and evaluation of health based targets and water safety 
plans. However, as yet there is little guidance on the development of an institutional structure 
in order to implement the WHO Framework. Much of the work to date has been in the form 
of pilot projects specifically for the implementation of water safety plans and there is still a 
lack of integration at policy level and institutional structure to ensure that implementation of 
the WHO Framework at a local level is necessarily facilitated in a manner that ensures 
sustainability. The benefits of Health Based Targets and Water Safety Plans are discussed 
below to demonstrate how both of the techniques may mitigate challenges to drinking-water 
supply. However, there is still no specific guidance as to implementing an integrated 
framework and it is speculated that guidance as to the integration of Health Based Targets, 
Water Safety Plans and Surveillance from policy to local levels would be beneficial and 
further mitigate the challenges identified in small islands.
1.5.3.1 Benefits of Health Based Targets to Small Island Community Water Supply 
Management
Health based targets can be used for the development of water quality and public health goals 
that may be system specific and largely inform wider policy goals. The approach calls for co­
ordination and collaboration to gather the necessary data and information, a consensus of 
opinion on policy objectives and transparency between stakeholders greatly improving 
accountability, simply through the necessary procedure of sharing information. The WHO
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guidelines reference level of risk for health consequences attributed to drinking-water supply 
may not be achievable in the short-term for many water supply systems, but serves as a 
reminder to stakeholders that improvements can always be made.
Table 1.11: Summary of Function of Health Based Targets
Process Function
QMRA -  Promotes understanding of community water supply 
characteristics
DALYs -  Promotes understanding of community health
h characteristics
-  Informs decision-making and planning for health
Health Based Targets -  Informs decision-making and planning for water supply 
management
PL, -  Enables the selection of appropriate operational 
management strategies depending on water quality 
parameters.
QMRA -  Informs decision-making and planning for water supply
§ managementH -  Enables the selection of appropriate technologies
DALYs -  Informs decision making of community health risks
1 -  Enables the balancing of public health risks;-  Enables the development public health risk policies.§ Health Based Targets -  Provides policy objectives of acceptable health risk
-  Encourages the incremental progress in water quality and
public health formulated to be realistic under local 
operating conditions
Health Based Targets -  Provides an indicator of success for water quality and
O public health management plansi -  A method of verifying and validating operational
management plans;
-  Validates preventative and traditional monitoring plans.
-  Further informs decision making and planning
System assessment using QMRA is designed to greatly increase the understanding of a 
specific system through a thorough investigation of the community environment and resulting 
pathogen exposure. It also includes an evaluation of the technological behaviour of 
installations within that specific community’s environment. This analysis promotes a more 
complete understanding of the characteristics of a community water supply and requires 
significant consultation with stakeholders and the community, as well as sanitary surveys and 
a review of available documentation.
Decision making and planning for drinking-water safety using QMRA informs stakeholders, 
promoting an understanding of technological intervention characteristics for the community.
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This will contribute towards a consensus of opinion as decisions are based on best available 
evidence of environmental exposure for a specific community and the effectiveness of 
technological interventions that have been drawn together by the WHO from peer-reviewed 
scientific studies globally.
Table 1.11 shows a summary of the structure and purpose of Environmental Exposure 
Assessment and Health Based Targets. This has been used to assess which of the small island 
community challenges identified in the literature may be mitigated with their formulation, 
implementation and evaluation as can be seen in Table 1.12 and Figure 1.22.
Table 1.12: Small Island Community Water Supply Challenges tbat Environmental Exposure 
Assessment and Health Based Targets have been designed to mitigate.
N.B. Challenges in grey indicate areas that Health Based Targets may not mitigate.
POLICY AND INSTITUTIONAL FRAMEWORK
-  No policy development
-  No guidance or methodology to create effective and appropriate policy
-  Unclear roles and responsibilities between stakeholders
-  Poor communication and collaboration between stakeholders
-  No consensus of opinion between stakeholders
-  Unclear and confusing legislation
-  Insufficient availability of resources
-  Poor government capacity
-  Small bureaucracies and poor availability of skilled personnel creating a need for over-lapping 
roles and responsibilities.
-  Cultural conditions creating a lack of willingness to share information
-  A lack of data and information collection
-  Poor availability of skilled personnel
-  Cultural conditions where recruitment is based on tribal allegiance rather than skill and 
competence.
CATCHMENTS
-  Raw water pollution
-  Land use and ownership in the catchment
-  Limited and fluctuating availability of freshwater sources
-  Demand that can dramatically fluctuate and exceed supply 
TREATMENT AND DISTRIBUTION
-  Non-evidence based decision and making and planning
-  Insufficient data and information of community characteristics and needs to make appropriate 
technology decisions and planning.
-  Lack of methodology for the holistic collection of data and information
-  Inappropriate technology selection
-  Vulnerability of water supply infrastructure from natural disasters, extreme weather events 
and geological instability.
-  Vulnerability of human resources for the management and operation of the water supply from 
natural disasters, extreme weather events and geological instability.
CONSUMER
-  Consumer management and awareness strategies that have not been planned based on 
sufficient evidence of community characteristics and needs._______________________________
y
y
y
y
y
y
y
y
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While QMRA can be used to assess environmental exposure and intervention strategies for 
the drinking-water supply, the formulation of public health measurement using DALYs 
allows an assessment to be made of the overall contribution of drinking-water to the health of 
the community and also allows stakeholders to be informed of the greatest risks. The 
measurement of public health using DALYs also focuses on the consumer and the assessment 
of overall sources of disease including behavioural factors and risks at a household level. 
Stakeholder roles and responsibilities may be unclear, with drinking-water suppliers 
responsible for drinking-water safety at the end of their networks. Other stakeholders may 
then have to assume responsibility of the health consequences of installations and activities 
within the household, which are easy to neglect in the overall assessment of health.
Benefits to Small Island W ater 
Supply M anagement
Structure o f  Health Based Targets
Promotes understanding of 
community water supply and health 
characteristics.
Informs decision making and 
planning fo r  technology selection an 
operational management strategies^ 
Enables selection o f appropriate 
operational management strategies.
FORMULATION
Resource QMRA
Assessment
Informs decision making and 
planning fo r  w ater supply 
management and health risks 
Enables selection o f appropriate 
technologies
Enables the balancing o f public 
health risks
Enables policy development and 
objectives
Promotes the incremental 
improvements in drinking-water 
safety.
System
Assessment
DALYs
Public
Health
Assessment
Decision-making and planning
Informs decision makers o f success o f  
management and operational plans
C
Water quality & Water Safety
public health Plans
targets
IMPLEMENTATION
Surveillance - Validation of management plans
EVALUATION
Figure 1.22: Structure o f Health Based Targets and Benefits to Small Island W ater Supply
Management
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Decision making and planning using DALYs enables management decisions to be made that 
balance public health risks, define acceptable risk and therefore enable optimal health gains to 
be planned, as well as improve accountability to consumers. The decision making is 
quantifiable and transparent improving stakeholder accountability to the community. 
Transparent policies based on best evidence provide an environment with which to align 
stakeholders towards a consensus of opinion of the greatest water quality and health risks.
Verification of operational management and monitoring plans improves accountability and 
informs stakeholders as to the success of these plans in meeting water quality and public 
health targets. This allows appropriate adjustments to be made for the ever changing 
characteristics of a community’s water supply and any areas where practical implementation 
of plans have not resulted in the expected improvements in water quality or community 
health.
1.5.3.2 Benefits of Water Safety Plans to Small Island Community Water Supply 
Management
The process of assembling a team of all drinking-water related stakeholders provides a 
platform for communication that enables the collation of available knowledge of drinking- 
water characteristics for a specific system, region or country. The exchange of knowledge 
encourages collaboration and co-ordination and provides a mechanism with which to reach a 
consensus of opinion regarding priorities as well as providing the opportunity to mobilize 
political will and high-level support in improving drinking-water safety.
The risk assessment process requires stakeholders to develop an understanding of the origins 
of microbiological and chemical risk to assess how system specific situations may lead to 
contamination and recontamination events. It also provides a mechanism to assess how risks 
are balanced throughout the system, the underlying causes of hazards and a further the 
understanding of specific system characteristics.
Prioritizing risks allows decisive action for the improvement of drinking-water safety to be 
taken with limited available resources and provides a mechanism by which stakeholders can 
be aligned behind a series of agreed goals, thereby providing a consensus of opinion and 
evidence-based decision-making.
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Table 1.13: Summary of the Function of Water Safety Plans
Process Function
Assembling the water Safety Plan -  Identify roles and responsibilities of stakeholders operating
team and managing the water supply.
-  Identify gaps, conflict and confusion in roles and
h responsibilities of stakeholders operating and managing the
water supply.
§ Risk Assessment -  Data and information to collection to inform of challenges
y and characteristics
-  Prioritize risks to drinking-water safety
-  Assess gaps in existing data and information
Water Safety Plan Operational -  Hazard prevention
Manual -  Monitoring plans to notify of barrier failure
-  Assign responsibility of each risk management process to 
appropriate stakeholders
g -  To record outcomes of processes and procedures forü evaluation.
Water Safety Plan Supporting -  Development of supporting legislation.
g Program -  Provide trainingS -  Provide management of human resources
-  Asset management
Û Water Safety Plan Action Plan -  To regularly and continually update knowledge communitya characteristics and of hazard prevention strategies.
-  Plan of improvements in drinking-water safety
-  To identify resources for improvements
-  To plan for capacity building
-  To scale-up supporting legislation and enforcement
Table 1.13 above summarizes the structure and purpose of the water safety plan approach. 
Formulation and implementation of the approach has been designed to mitigate many 
challenges in the provision of safe drinking-water, many of which are experienced in the 
management of small island communities as illustrated by Table 1.14 and Figure 1.23. The 
challenges that have been ticked but remain grey require further independent work. The water 
safety plan approach can be used to inform high-level policy and institutional structure 
decisions but further work is required to produce development procedures for the institutional 
structures needed to support community water supplies is required.
The Water Safety Plan operational manual is designed to reduce risk from known hazards as 
far as possible with existing resources and ensure that roles and responsibilities in this process 
are understood by stakeholders. This should result in clearly specified actions (interventions 
to contamination and user exposure) for each role, an understanding of how these actions fit 
into the overall management of drinking-water supply and clear patterns of accountability. 
Monitoring ensures that necessary corrective actions to prevent exposure to contamination can
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be carried out in sufficient time to alleviate health risks. Recording the success of 
interventions can further the understanding of system specific characteristics and improve 
decision making for planning and improvements.
Table 1.14: Small Island Community Water Supply Challenges that the Water Safety Plan approach has 
been designed to mitigate.
N.B. Challenges in grey indicate areas that Water Safety Plans may not mitigate. Grey ticks indicate that these 
challenges may be reduced as a SECONDARY benefit o f the WSP approach but have not been directly targeted.
POLICY AND INSTITUTIONAL FRAMEWORK
-  No policy development
-  No guidance or methodology to create effective and appropriate policy
-  Unclear roles and responsibilities between stakeholders
-  Poor communication and collaboration between stakeholders
-  No consensus of opinion between stakeholders
-  Unclear and confusing legislation
-  Insufficient availability of resources
-  Poor government capacity
-  Small bureaucracies and poor availability of skilled personnel creating a need for over-lapping 
roles and responsibilities
-  Cultural conditions creating a lack of willingness to share information
-  A lack of data and information collection
-  P o o r  ava ilab ility  o f  sk illed  personnel
-  Cultural conditions where recruitment is based on tribal allegiance rather than skill and 
competence.
CATCHMENTS
-  Raw water pollution
-  Land use and ownership in the catchment
-  Limited and fluctuating availability of freshwater sources
-  Demand that can dramatically fluctuate and exceed supply 
TREATMENT AND DISTRIBUTION
-  Non-evidence based decision and making and planning
-  Insufficient data and information of community characteristics and needs to make appropriate 
technology decisions and planning.
-  Lack of methodology for the holistic collection of data and information
-  Inappropriate technology selection
-  Vulnerability of water supply infrastructure from natural disasters, extreme weather events and 
geological instability.
-  Vulnerability of human resources for the management and operation of the water supply from 
natural disasters, extreme weather events and geological instability.
CONSUMER
-  Consumer management and awareness strategies that have not been planned based on suffieient 
evidence of community characteristics and needs.____________________________________
y
y
y
y
y
y
y
y
y
y
Supporting Programs are designed to ensure appropriate skills are developed for management, 
operations and maintenance, thereby improving the overall capacity of the supplier. They are 
also designed to lead to a method of controlling events that are outside the direct influence of 
the drinking-water supplier by informing the establishment of supporting legislation and 
enforcement to ensure that barriers to drinking-water contamination can be managed
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effectively. The development of managerial and technological support will enable any gaps 
in appropriate skills to be identified and appropriate training provided.
The Water Safety Action Plan incorporates the longer term goals of consistently and 
continuously supplying safe drinking-water and provides a road-map for working towards this 
goal based on best available evidence and a consensus of opinion. By its nature it is designed 
to be flexible in order to incorporate the newly available data and information with each new 
iteration of the water safety plan and will systematically address each system specific 
challenge through data collection, priority setting, identification of resources and accountable 
decision-making, planning and decision making.
Benefits to Small Island W ater Supply  
Management
Structure o f  W ater Safety Plans
-  Informs policy development
-  Clear roles and responsibilities a t a 
community level
-  Improved understanding o f community 
characteristics and challenges
-  Collaboration & co-ordination o f  
implementing stakeholders
-  Consensus o f opinion
-  Evidence based decision making
<
FORMULATION
Team of Stakeholders
Risk
Assessment
-  Evidence based decision making for  
technology selection and management
-  Informs the holistic planning fo r  sector 
reform
-  Informs fo r  planning o f appropriate 
public-sector support ^
-  Clearly identified roles & responsibilities a t 
a community level
-  Informs development o f supporting 
legislation
Control
Measures
IMPLEMENTATION
Operations Manual
Supporting Programs
Action Plan
Figure 1.23: Structure o f  W ater Safety Plans and Benefits to W ater Supply Management
Tables 1.12 and 1.14 clearly demonstrate the challenges identified for small islands that the 
WHO Framework has been designed to mitigate and manage. Policy and institutional 
structure challenges will not be mitigated with the implementation of the WHO Framework 
alone and further guidance may be required as to an appropriate Institutional Framework with
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which to formulate and implement Health Based Targets, Water Safety Plans and 
Surveillance.
Other challenges that may not be directly addressed by either Health based Targets or the 
Water Safety Plans may be specific cultural considerations identified, such as staff 
recruitment based on tribal allegiances. This and other similar challenges would be a specific 
characteristic challenge that should be addressed by the water safety plan team who are best 
placed to understand the challenges and design mechanisms to mitigate these challenges.
It is speculated that further challenges that were not identified in the literature review for 
small islands are due to a lack of documented evidence. Difficulties such as poor financial 
management, inadequate treatment, poor distribution operations and the use of alternative 
unsafe water supplies by consumers have not been reported for small islands but have been 
considered in the design of the Water Safety Plan approach. The process of resources 
assessment and collection of evidence of community characteristics and capacity enable the 
water safety plan team to improve decision making regarding financial viability, pin-point 
specific challenges and design an action plan for improvement. Much the same approach may 
be used for operational difficulties and consumer behaviour.
1.6 CONCLUSION
There is some overlap in the challenges identified for community and small island water 
supplies, particularly at an institutional level. There is very limited literature on the 
challenges of drinking-water management for small islands and very little data in key areas, 
including financial arrangement, operational difficulties and consumer behaviour. The 
available literature is mainly focused on the Pacific region with little documented evidence of 
challenges in other small island regions. No methodology has been found with which to 
conduct a holistic assessment of small island challenges and very little of the literature 
reviewed shows evidence of an integrated analysis of all the factors influencing the provision 
of safe drinking-water.
The WHO Framework for Safe Drinking-water has been developed from many years of field 
work and evidence of the challenges faced in the provision of safe drinking-water supply. 
The design of the WHO Framework is such that these challenges may be mitigated with the
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application and implementation of the Framework provisions. However, there has been no 
analysis of the potential of the WHO Framework to improve drinking-water safety in the 
small island environment.
1.7 RESEARCH HYPOTHESIS, AIMS AND OBJECTIVES
1.7.1 Hypothesis
Analysis of both the typical challenges in a small island environment and the strategic 
position of the WHO Framework would enable an assessment to be made of the potential for 
the Framework to offer a basis for the improvement of drinking-water safety and the 
identification of any potential threats to the successful implementation of the Framework.
1.7.2 Aims and Objectives
AIM 1 : Analyse the opportunities and threats of the WHO Framework to improve drinking-
water safety in the small island environment.
OBJECTIVES:
1. Develop a methodology for the holistic assessment of challenges for small 
islands and verify its application using an expert focus group.
2. Identify challenges to the delivery of safe drinking-water for small islands 
from the available evidence.
3. Carry out an opportunities and threats analysis of the WHO Framework 
improving drinking-water safety in small islands.
4. Verify requirements to ensure on-going safe and sustainable drinking-water 
supply in the small island environment using an expert focus group.
AIM 2: Analysis of the strengths and weaknesses of the WHO Framework in the small
island environment.
OBJECTIVES:
1. Collect available evidence of the strengths and weaknesses of the WHO 
Framework.
2. Where feasible and within the scope of this research, test methodologies 
advocated by the Guidelines for Drinking-water Quality.
3. Carry out a strengths and weaknesses analysis of the WHO Framework and 
verify using an expert focus group.
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2.0 METHODOLOGY TO ASSESS THE POTENTIAL FOR THE WORLD HEALTH 
ORGANIZATION FRAMEWORK TO IMPROVE DRINKING-WATER SAFETY IN
A SMALL ISLAND ENVIRONMENT
2.1 INTRODUCTION
An extensive literature review of drinking-water supplies on small islands revealed that there 
is very little information available about the challenges specific to small islands and none 
could be found that had been peer-reviewed. As a result of poorly available information the 
first logical step was to carry out field work in order to collect this information.
Statistical data on island characteristics was collected to compare islands and select case- 
studies with a broad range of characteristics. A research methodology was then developed to 
identify water supply challenges. The methodology to collect data and information included 
the use of surveys, observations and interviews. A Strength-Weaknesses-Opportunities- 
Threats (SWOTS) analysis was then carried out to audit the potential overall strategic position 
of the WHO Framework in the small island environment and focus groups used as a means of 
verification.
The methodology has been designed around two main research questions:
1. What are the strengths and weaknesses of the WHO Framework for Safe Drinking- 
water?
2. What are the opportunities and threats for the WHO Framework to improve drinking- 
water safety in a small island environment?
The key stages of the methodology to establish what would be required to facilitate the 
formulation and implementation of the WHO Framework in Small Islands include:
1. Identify challenges to drinking-water safety for small islands by;
a. Selecting case-studies
b. Develop appropriate data and information collection tools to identify operational 
and management challenges.
c. Verify that the data and information collection tools will identify the challenges 
using a focus group.
d. Carry out field work
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2. Audit the WHO Framework for its potential strategic position in the small island 
environment.
a. Carry out a SWOT (Strengths-Weaknesses-Opportunities-Threats) analysis of 
the WHO Framework in the small island environment.
b. Verify requirements of the WHO Framework to ensure on-going, safe, 
sustainable drinking-water supply in a small island environment using a focus 
group.
Identity Challenges to the management of Drinking- 
water for Small Islands
Literature Review
Case-studies
Surveys Observations
T
GDWQ SWOT Analysis
t
Interviews
Verification Tools
Expert
Consultation
International 
Stakeholder 
Focus Group
International 
Expert 
Focus Group
Analysis o f application to case-study islands
Figure 2.0; Audit o f the WHO Framework for Safe Drinking-water in  a Small Island  
Environment.
Figure 2.1 outlines the structure and sequence of the methodology approach and the main 
outcomes that can be found in this thesis. Details of how each part of the methodology was 
carried out can be found in the following sections and is indicated in the structure below.
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METHODOLOGY RESULTS
Literature Review [Section i] Section 1
Community water supply 
characteristics & challenges
GDWQ & supporting 
documentation
Lack of evidence of 
characteristics and challenges 
SMALL ISLAND communities
Purpose, function & benefits 
GDWQ
Focus Group [Section 2.5.1] Section 4.2.5
The Reykjavik Principles
ADDITIONAL requirements to 
the GDWQ needed to ensure 
on-going, sustainability of 
community water supplies
Group 1 
Experts on the 
GDWQ
Group 2 
International government 
stakeholders responsible for 
community water supplies
Section 2.2
Data Collection o f available socio-econom ic 
statistics o f sm all Islands (106 in total) 
[Section 2.2]
Case-study islands to represent 
a broad cross-section of small 
island characteristics
Case Studies [Sections 2.2.2 & 2.3]
Section 3
Institutional Framework Interviews [Appendix 8.2] 
Document review Data and information collection 
of case study islands 
characteristics and challengesCommunity Water Supply Interviews [Appendix 8.3] 
Sanitary surveys 
Observations
Section 2.5.2
Focus Group [Section 2.5.2]
Verification of interview 
methodologv approachGroup 1 
Experts on the 
GDWQ
Group 2 
International government 
stakeholders responsible for 
community water supplies
Section 4 .0
Strengths and weaknesses of 
GDWQ
SWOT Analysis o f GDWQ m a sm all island ^  
environm ent [Section 2.4] Opportunities & threats of 
GDWQ in a small island 
environment
Recom m endations t
^ Section 5.0  ^ ,
te threat o f success o f GDWQ in a sniiall Island
environm ent
Figure 2.1; Structure and sequence o f m ethodology and m ain outcom es
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2.2 IDENTIFICATION OF CHALLENGES TO DRINKING-WATER SAFETY FOR
SMALL ISLANDS
2.2.1 Case-Study Selection
In order to establish the challenges to small island drinking-water supplies, case-studies were 
selected with a broad range of characteristics from a region that is not well documented. The 
criteria that was used for island selection was based on a statistical survey of islands sized 
between 100 and 2000km^.
The upper limit of 2000km^ was used because many of the specific issues relevant to drinking 
water are particularly prominent on small islands and to enable a manageable level of data 
collection within the time frame.
The lower limit of lOOkm  ^ was used because the collection of statistical data was very 
difficult for islands below this size and many of the smaller islands may be clustered together 
and politically delineated as one country such as the Bahamas and the Maldives.
Statistical data was collated and sourced via the internet in order to define their 
characteristics. Websites used included:
-  The World Health Organization Data and Statistics Database 
http://www.who.int/research/en/
-  The Central Intelligence Agency World Factbook 
https://www.cia.gov/librarv/publications/the-world-factbook/index.html
-  The United Nations Statistics Division http://unstats.un.org/unsd/default.htm
-  The WHO & UNICEF Joint Monitoring Programme for Water Supply & Sanitation 
http://www.wssinfo.org/en/welcome.html
-  The World Atlas http://www.worldatlas.com/aatlas/world.htm
Where appropriate, basic descriptive statistical methods (StatSoft, 2008) were used to 
establish the range and mean of variables included in the analysis. This assisted in describing 
a ‘central tendency’ of the global island characteristics, which in turn facilitated the selection 
of case-study islands that adequately represented the nature of global islands. The main 
themes to establish the characteristics of the islands included (see Appendix 8.1 - Statistical 
Data for Small Islands):
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-  Political characteristics - to establish political stability and major political influences that 
may have been historically significant in developing existing political structure and 
approaches.
-  Physical characteristics - to establish likely vulnerability and isolation.
-  Social characteristics - indicators of the level of development of the population in crude 
terms of basic education levels and family size.
-  Economic characteristics -  to demonstrate the wealth of the island and the main economic 
sectors together with employment patterns and demands on water supplies.
-  Health characteristics -  indicators of the burden of disease for the island and the success 
of existing disease prevention programs.
-  Water supply coverage statistics - an indicator of success of existing drinking-water 
supply initiatives.
In order to get a broad cross-section of the challenges to drinking-water safety for small 
islands the most useful data would be acquired by examining islands with widely varying 
characteristics but this was constrained by finances, time and physical access. The most 
limiting practicality is sourcing suitable contacts willing to contribute in the collection of data 
and access to records and information.
The time-scale available to collect the information was three months so it was decided that 
three islands should be included in the study where in a period of three weeks, sufficient 
interviews and surveys could be carried out to obtain a good understanding of two or three 
communities per island, the final number of communities included depending on the 
complexity of each community and the overall country-wide institutional structure.
The Caribbean Islands have a broad history, level of development, health, urbanization and 
water supply coverage, as well as varying levels of historical conflict and experience frequent 
natural disasters. This, in conjunction with rapidly increasing tourism, make them a useful 
model to research and the data could be applicable to wide range of islands globally. The 
final islands chosen where Saint Lucia, Guadeloupe and The Bahamas - although contacts for 
many of the islands where found, there was considerably more demand for the work to be 
carried out from these islands so in order to facilitate the research, the islands chosen were 
those that had stakeholders willing to participate.
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Fig 2.2; Graphs to illustrate statistical characteristics o f case-studv islands and the 
m ean statistics o f all global islands included in the survey.
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The group of tables above demonstrate the characteristics of the three chosen islands available 
from on-line statistical databases. The mean (average) of all the variables has been taken 
from the information available for all the islands included in the statistical comparison in 
order to evaluate how relevant the selected case-studies are to other islands and to 
demonstrate the varying characteristics of the islands.
Land mass size criteria has an upper limit of 2000km^ as discussed previously -  the Bahamian 
islands have collectively got a much larger size than this but no one islands exceeds the upper 
limit set. The islands chosen are also fairly urban, Saint Lucia being the only islands with the 
majority of the population being rural -  ideally another more rural island would have been 
included in the study but choices have been restricted by the extent of co-operation of island 
stakeholders. The islands chosen have varied statistics for total population, literacy, GDP and 
life expectancy but tend to be lower than average for population growth rate and infant 
mortality. Generally water supply coverage and household connections also tend to be above 
average for all the islands with the exception of the Bahamas which has lower urban 
household connections and rural water supply coverage.
Although ideally it would have been very useful to have an island with higher infant mortality 
and population growth rate, with very poor water supply coverage included in the research. 
However it would not have been possible to carry out this research without co-operation from 
water supply and public health officials as access to water treatment facilities, records and 
stakeholders were required for analysis. As discussed previously, the Caribbean was 
identified as a region that would contribute to global knowledge of the challenges to drinking 
water supply for small islands. The islands selected were the best representation of all the 
islands in the statistical comparison that were willing to participate in the research.
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2.2.2 Methodology to Assess Challenges to Drinking-water Safety for Small Islands.
Given that ultimately the management of drinking-water is to prevent unsafe drinking-water 
being consumed, it is logical to examine the management challenges from many angles. This 
section will describe how the research was earned out by splitting the drinking-water safety 
challenges into two categories; sources and transmission of contamination and the measures 
in place to prevent or treat such contamination.
CONSUMERTREATMENTCATCHMENT DISTRIBUTION
m wmmmmm mmmmm
1. SOURCE AND TRANSMISSION OF CONTAMINATION
CHALLENGES TO DRINKING WATER SAFETY
Figure 2.3; M ain categories of challenges to drinking-water safety
As discussed in Section 1, hazards to drinking water safety are either microbiological or 
chemical (and in some cases radiological) and must have a source and transmission pathway. 
Contamination can occur at any point along the water supply line from catchment to 
consumer and may be constant or intermittent and observable or non-observable.
The source and transmission of microbiological or chemical contamination manifest 
themselves in a variety of ways. Figure 2.4 illustrates that this may fall into four different 
categories:
1. Observable (seen by the naked eye) and constant (on-going exposure).
2. Observable and intermittent (source and transmission affected by for example seasons 
-  changes in weather and population increase due to tourism).
3. Non-observable (cannot be seen by the naked eye for example naturally occurring 
chemical contamination such as arsenic or unknown activity in catchment) and 
constant
4. Non-observable and intermittent
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Figure 2.4: Research methods of detecting potential water quality contamination
In order to gain a good understanding of the sources and transmission of contamination for 
each of the communities selected for this research, it was necessary to utilise as many sources 
of data and information as possible in order to establish the types of contamination that may 
fall into the four different categories described above. Methods that may have been used and 
are described in more details later in this section included:
-  Sanitary Surveys
-  Observations
-  Document review
-  Water quality testing
-  Interviews with water supply operators
Non-observable contamination would most likely be due to chemical contamination or 
inaccessible catchments. If water quality testing in the communities was not sufficient to 
identify this type of contamination then ideally, independent water quality testing would be 
carried out. However regardless of catchment access the assumption was made that 
microbiological contamination did exist in all source waters. It was decided that independent 
water quality testing was not justified for this research in order to identify intermittent 
chemical contamination. Water quality records were examined and if insufficient water 
quality monitoring carried out, this itself was considered a challenge in the drinking water 
supply management and a risk to the health of the community.
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Risk Assessment Questionnaires and Surveys (Sanitary Inspection Forms) have been 
developed by the World Health Organisation (Davison A et al., 2003;WHO, 1997). These 
questionnaires were utilised to conduct sanitary surveys of the communities and as a tool to 
verify the accuracy of the information provided in the interviews and give an indication of 
water quality provided where water sampling data is missing.
Observations were carried out throughout the duration of the field research. Locations visited 
were catchments, treatment plants, communities distributed to, monitoring laboratories and all 
departments that are involved in or that affect the supply of drinking water. The observations 
were used as a means of verifying that information collected in the interviews was correct and 
to assess whether there are particular areas that may not have been covered by any of the 
interviews (Babbie E, 1992;Brown L, 2005). Observation information was collected by 
photograph and researcher comment.
Interviews were developed through a literature review (see Section 1) to formulate questions 
and focus groups, together with expert consultation to verify their use for improving the 
evidence base of challenges to drinking-water safety. Interview development will be 
discussed in more detail later in this section
The second stage of the research on challenges to drinking-water safety was designed to 
identify if there were measures in place to prevent or treat contamination, if the measures 
were adequate to remove contamination and the influencing factors affecting the efficiency of 
such measures. As discussed in Section 1, the management of contamination is through 
multiple barriers from catchment to consumer. The adequacy of barriers that are in place may 
be affected by many operational, management and institutional factors. In order to gain an 
understanding of these factors interview based case-studies were used. The case study is the 
method of choice for research when the phenomenon under study is not readily 
distinguishable from its context (Yin R K, 1999). It can draw on people’s experiences and 
practices and is therefore strong in reality (Blaxter L et al., 2000) allowing for the complex 
interactions between variables (Yin R K, 2002) . In the case of small island water supplies, 
the very challenges that are faced by the islands in the provision of a safe drinking-water 
supply are as a result of the island characteristics and therefore the context within which the 
drinking-water is supplied. A methodology for information collection was needed that
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incorporated the social and organisational aspects of the drinking-water supply as well as the 
technological and scientific aspects already accounted for in the first stage of data and 
information collection.
2.3 INTERVIEW DEVELOPMENT
INTERVIEW DEVELOPMENT
Literature Review
Challenges to drinking-water safety for community water supplies
IN TER VIEW S
VERIFICATION OF INTERVIEWS
Expert Consultation Focus Group
Fig 2.5; Interview development to collect evidence of the challenges for drinking-water safety for 
small islands.
Interviews were developed in order to fully understand the status of drinking water supply at 
each of the research locations. The two interviews established the drinking water supply 
framework for the island and specific community water supply characteristics (see Appendix
8.2 and 8.3). Interviews were developed based on the literature review carried out in Section 
1 and validated using expert consultation and focus groups.
The steps taken in order to ensure the inclusion of appropriate stakeholders and the 
subsequent recording and analysis of interviews were as follows:
1. Initial contact with an appropriate stakeholder on the island was through the Pan 
American Health Organization (Dr Mauricio Pardon, Director of the Division of 
Health & Environment) who provided me with names and contact details.
2. Preliminary interview with the island’s main water supply stakeholder (usually senior 
management of the main utility on the island) to establish an approximate overview of 
the country-wide management structure and obtain the contact details of senior 
stakeholders in the relevant departments.
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3. Contacting these stakeholders via email or telephone as appropriate. In some cases the 
senior stakeholder indentified above made the initial contact to explain the research 
and the benefits of their involvement. These stakeholders were interviewed using the 
appropriate section of the Institutional Arrangements Interview described in Section 
2.3.1.
4. Stakeholders of relevant departments described above then recommended appropriate 
management and operational staff of selected water supply systems to interview using 
the Water Supply Interview described in Section 2.3.1.
5. Interviewing relevant stakeholders -  in all cases it was requested to record the 
interview which was then transcribed. If permission was not granted to record the 
interview, careful notes were made and a copy of the interview outcomes sent to the 
interviewee in order to verify that information recorded was correct.
6. The interviews were then analysed and it was often revealed that related themes could 
be established and grouped together. Broadly these themes fell under challenges of 
Institutional Framework, Catchment, Treatment, Distribution and Consumer. Themes 
were then sub-divided depending on island specific challenges.
2.3.1 Institutional Arrangement Interviews
Institutional structures on small islands have developed over time based on the particular 
cultural, social, political, physical and economic shifts that may have occurred over a period 
of many years. Each island has very different, unique and individual structures and in order 
to full understand each structure, it was necessary to take guidance from experts as to what are 
the most important developments, the cause of those developments and any future 
developments. For this reason, a flexible interview approach was chosen that could 
incorporate opinions and beliefs as well as gather organisational information was chosen 
(Rider, 2005) and experts were targeted based on their area of responsibility. It was not 
possible to fully understand the institutional structure and all the associated operational 
procedures, limitations, success and problems from one person’s point of view so a number of 
stakeholders were interviewed to provide a more thorough understanding of institutional 
arrangements. As in-depth a discussion as possible was required to understand the bigger and 
the more detailed national situation, hence unstructured interviews were used to establish the 
country management structure (Arksey H and Knight P, 1999;Rider, 2005;Robson C, 2003).
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The institutional arrangement interview was developed to collect information on the country 
management structure of an island. This includes all government departments that have an 
impact on drinking water supply, together with their roles and responsibilities, government 
policy, laws, legislation and regulations, powers of enforcement, an understanding of how the 
existing framework has developed, what gaps may exist in the framework and the resulting 
challenges to the provision of safe drinking-water. Informal arrangements such as tribal or 
community management strategies were also accounted for in the interview format. The 
interview was developed with the advice of;
-  Professor Jeni Colboume -  Chief Inspectorate, the Drinking Water Inspectorate, UK.
-  David Drury -  Principle Inspector, the Drinking Water Inspectorate, UK.
-  Annabelle May — PhD Student of CEHE — ‘The effectiveness of drinking water quality 
regulation.’
In order to fully understand the framework of an island a senior representative of each 
department involved in or affecting drinking water supply was interviewed. Examples of 
these may include departments such as water resources, health, environment, public utilities, 
and agriculture in addition to the water supplier and the regulator.
Connections with the appropriate persons were established through the main island contact, 
usually the senior representative of the government drinking water department who was the 
main facilitator of the research on each island.
2.3.2 Community Water Supply Interviews
Water supply and operations interviews were more structured, asking operators specific 
questions in a set order. Although the operators’ opinion is very important, there was also 
much more factual information that needed to be obtained such as the location of the 
drinking-water supply, the technologies used and operational procedures carried out as well as 
other related information such as costs and coverage, so a semi-structured interview was 
considered more appropriate (Babbie E, 1992;Blaxter L et al., 2000;Rider, 2005). To 
complete this interview, persons with the lowest level of responsibility were interviewed with 
regard to operations, maintenance and monitoring, as well as appropriate management 
personnel. As management responsibilities vary greatly from country to country, appropriate
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personnel were selected after a preliminary interview with the senior representative of the 
drinking water supply department. This interview was developed with the advice of:
-  Brian Clarke -  Deputy Director, Centre of Environmental Health Engineering, University 
of Surrey.
-  Caetano Dorea -  PhD Student, Centre of Environmental Health Engineering, University 
of Surrey and Public Health Engineer for Oxfam.
2.4 STRENGTHS-WEAKNESSES-OPPORTUNITIES-THREATS ANALYSIS
The WHO Framework was analyzed using a SWOT (Strengths-Weaknesses-Opportunities- 
Threats) analysis which is an important tool for auditing the strategic position of the Framework 
and its environment. There are key distinctions in the SWOT analysis and internals and 
external issues.
POSITIVE NEGATIVE
1
<! 00 ii
Figure 2.6: SWOT Analysis Framework
Strengths and weaknesses are Internal Factors of the WHO Framework, for example the 
usefulness and application of methodologies and tools provided. Opportunities and threats are 
external factors, for example, the challenges that may be mitigated with implementation of the 
WHO Framework and those that may hinder its success in improving drinking-water safety 
(tutor2u, 2008).
2.4.1 Identification of Strengths of the GDWQ
The strengths of the GDWQ are well documented in the literature that supports the GDWQ and 
has been outlined in Section 1 of this thesis. Strengths include the purpose or benefits of the 
tools made available in the GDWQ that have been designed to combat a range of challenges to
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drinking-water safety. The literature was analyzed and then strengths (purpose and benefits) 
tabulated as seen in Table 2.0. These strengths have been extracted directlv from the available 
literature and have been described in detail in Sections 1.3 and 1.4.
Table 2.0: Strengths of the GDWQ W ater Safety Plan and Health Based Target approach as identified 
in the available literature
POLICY DEVELOPMENT
-  Enables the balancing of public health risks;
-  Enables the development public health risk policies.
-  Provides policy objectives of acceptable health risk
-  Encourages the incremental progress in water quality and public health formulated to be realistic under 
local operating conditions
-  Provides an indicator of success for water quality and public health management plans
LEGISLATION DEVELOPMENT
-  Development of supporting legislation.
-  THE SCALING-up OF supporting legislation and enforcement
ROLES AND RESPONSIBILITIES
-  Identify roles and responsibilities of stakeholders operating and managing the water supply.
-  Identify gaps, conflict and confusion in roles and responsibilities of stakeholders operating and managing
the water supply.
-  Assign responsibility of each risk management process to appropriate stakeholders
DECISION MAKING
-  Promotes understanding of community water supply characteristics, challenges and risks to drinking-water 
safety
-  Promotes understanding of community health characteristics and risks
-  Informs decision-making and planning for health and water supply management
-  Enables the selection of appropriate operational management strategies depending on water quality
parameters.
-  Enables the selection of appropriate technologies
-  Assess gaps in existing data and information
-  To record outcomes of processes and procedures for evaluation.
-  To regularly and continually update knowledge community characteristics and of hazard prevention 
strategies.
-  Plan of improvements in drinking-water safety
-  To identify resources for improvements
-  To plan for capacity building
MANAGEMENT AND OPERATIONS
-  Hazard prevention
-  Monitoring plans to notify of barrier failure
-  Provide training
-  Provide management of human resources
-  Asset management
-  A method of verifying and validating operational management plans;
-  Validates preventative and traditional monitoring plans.
2.4.2 Identification of Weaknesses of the GDWQ
Weaknesses of the GDWQ are less well documented. In order to gain a good understanding of 
the tools and their application, methodologies in the GDWQ were followed (where possible) 
and an analysis carried out of limitations and difficulties that were revealed with their use. The
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community of Micoud in Saint Lucia was selected to analyze the Water Safety Plan approach 
and Health Based Targets. Micoud has multiple stages of treatment and many challenges to 
drinking-water safety from catchment to consumer (see Section 3) which was considered a good 
combination to rigorously test the WSP and HBT approach as it is laid out in the guidelines.
2.4.2.1 Identification o f Weaknesses o f  Water Safety Plans
A  Water Safety Plan WAS NOT implemented for this research as this work is being carried out 
elsewhere (SOPAC and WHO, 2008). However, some of the tools made available in this 
approach were used for one of the case study communities. A hazard and risk assessment 
procedure was development based on the supporting documentation provided by the GDWQ 
(Davison A et al., 2003;Fewtrell L and Bartram J, 2001) and can be seen in Appendix 8.5. The 
procedure that was used to develop the hazard and risk assessment for Micoud included:
1. Developing a consequence/probability matrix that is appropriate to the health of the 
community i.e a severity ranking scale of the health consequences from exposure to 
water-related disease. This is described well in the GDWQ and supporting 
documentation (Davison A et al., 2003;Fewtrell L and Bartram J, 2001;WHO, 2004) 
and so is not detailed here.
2. Developing a risk significance scale appropriate to the management abilities of the 
conununity. As in point 1 above, further details of this can be found in the appropriate 
references.
3. Identify hazards for the community. A number of tools were used to establish hazards 
which included the use of Sanitary Surveys, Water Service Supply interviews of 
operators, monitors and supervisors, review of water quality data and observations as 
described in Section 2.2.2 and 2.3.
4. Identify risks for the community based on the hazards identified and the 
consequence/probability matrix. Results of this risk assessment procedure can be seen 
in Appendix 8.5
The results of the limitations and difficulties discovered in using this procedure have been 
described in Section 4.2.1.
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2,4.2.2 Identification of Weaknesses o f Health Based Targets
The procedure to calculate and establish Health Based Targets was followed based on the 
information made available in the GDWQ. However, significant consultation with experts was 
required in order to establish the following methodology. IT  IS N O T RECOMMENDED THAT 
THIS PROCEDURE BE DUPLICATED FOR PURPOSES OTHER THAN TO EXAMINE THE 
PROCEDURE ITSELF. Section 4.2.2 describes many of the weaknesses revealed in its 
implementation and it is not being advocated by the author as an appropriate method of risk 
assessment in a small island environment with the data and information available for this 
research. The method of establishing a QMRA and HBT’s is as follows:
1. A system assessment was carried out to evaluate pathogen reduction and water 
treatment to give preliminary quantification of risk from waterborne pathogen 
exposure. Pathogen reduction was estimated based on published data made available 
in the GDWQ and supporting documentation (Fewtrell L et al., 2005;Havelaar A, 
2004;Kirmeyer G, 2001;LeChevallier M et al., 1981;LeChevallier M and Au K, 
2004;Medema G et al., 1998;Medema G and Smeets P, 2004;Payment P, 
1999;Payment P and Robertson W, 2004;Ridgway H and Olson B, 1982;WHO, 2004).
2. A simplified QMRA was based on Campylobacter as the reference pathogen which 
has been used extensively in previous DALYs assessments (Black R et al., 1988; 
Medema et al., 1996) providing data of Campylobacter exposure and infectivity for 
further work carried out here.
3. Transmission pathways and treatment barriers were identified from the system 
assessment described in Section 2.2.2.
4. Baseline and maximum removal for each specific treatment process was extracted 
from the guidelines (WHO, 2004) and estimates used to assess the operational 
performance of the water supply system.
5. The Beta-Poisson model was used to assess the dose-response relationship of 
Campylobacter (Medema et al., 1996) and to recognise that the community may be 
frequently exposed to multiple sources of the pathogen; a risk of infection going to 
illness was been reduced to 10%. For a healthy population in North America (Black R 
et al., 1988) risk of illness resulting from infection with Campylobacter was 22%. The 
level of exposure to Campylobacter in Saint Lucia is likely to be much higher 
resulting in greater immunity hence the lower risk value of 10% has been used.
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6. To assess potential burden of disease benefits from implementation of the Water 
Safety Plan approach, pathogen concentrations were adjusted for each improvement in 
treatment efficiency.
7. The calculation of DALYs as described in points 5 and 6 above was carried out as 
follows:
a. Estimated concentration of Campylobacter in raw water (WHO, 2004).
b. Calculation of % pathogen removal/deactivation (see point 1, 2 & 3 above for
references).
c. Concentration of organisms per litre after treatment (see point 4 above)
d. Dose-response (r) relationship based on the Beta-Poisson model: r = (1 +
dose/B)-aO where B = 7.59 and a = 0.145 (constants as per (Medema et al., 
1996)) (see point 5).
e. Risk of Infection per day: P-iinf,d = 1 -  r
f. Risk of infection per year: Pinf,y = P->inf,d x 365
g. Risk of illness given infection: 0.1 (constant)
h. Risk of illness: Pill = Pinf,y x 0.1
i. Disease burden per case (db): DALYs per case 4.6 x 10-3 for Campylobacter 
(constant as per (WHO, 2004))
j. Disease burden per population (DB): DALYs per year Pill x db
Meetings, in addition to telephone and email correspondence were carried out with experts to 
gain further understanding and ensure the adequacy of the approach with the following 
contributors:
-  Dr Loma Fewtrell, Center for Research into Environment and Health, University of
Wales, Aberystwyth.
-  Dr Steve Pedley, Robens Centre, University of Surrey
-  Dr Annette Pruess-Ustun, WHO, Geneva
-  Dr Richard Carr, WHO, Geneva
The results for Health Based Targets for Micoud can be seen in Appendix 8.7. The results of 
the weaknesses discovered with implementation of the approach have been described in Section 
4.2.2.
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2.4.3 Identification of OPPORTUNITIES of the GDWQ to improve drinking-water 
safety in a small island environment
Analysis of the opportunity of the GDWQ to improve drinking-water safety in a small island 
environment was carried out using the strengths identified in Section 1 of this thesis and can be 
seen in Table 2.0 above. As mentioned previously, the purpose and benefits of the GDWQ are 
well documented in the literature and have been designed to mitigate specific challenges to the 
provision of safe drinking-water. The process of identifying an opportunity to improve 
drinking-water safety was as follows:
1. Identify challenges to drinking-water safety. The methodology and results for this have 
been described in detail in Sections 2.2 and 3 respectively.
2. Identify strengths (purpose and benefits) of the GDWQ as described in Section 2.4.1
3. Identify which of these challenges may be mitigated by the strengths of the GDWQ.
2.4.4 Identification of THREATS that may prevent the successful implementation of the 
GDWQ or the provision of safe drinking-water in a small island environment
Threats to drinking-water safety in a small island environment have been identified as the 
challenges revealed in Section 3 that may not be mitigated by the GDWQ. These challenges 
fall outside the scope of the purpose and benefits (strengths) of the GDWQ and may be a 
potential threat to its implementation or may cause an on-going risk to health unless they are 
managed. Essentially, threats have been identified using a gap analysis and logic as outlined 
in Figure 2.7.
What is the Is there a tool or
challenge to guidance in the
drinking-water — ► GDWQ to mitigate
safety? this challenge?
YES
NO
Figure 2.7; Logic of identifying opportunities and threats of the GDWQ to improve drinking-water 
safety in a small island environment.
There are circumstances where there may be secondary benefits from implementation of the 
GDWQ that have not been detailed in the strengths in Section 2.4.1. However, as there is no 
evidence of this as yet, any challenge that falls outside the scope of these strengths has been 
identified as a threat to the successful provision of safe drinking-water using the GDWQ.
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2.5 VERIFICATION TOOLS
Focus groups have been used as an additional source of information from small community 
water supply experts from a broad range of backgrounds and cultures. Focus groups are a 
particularly useful way of exploring people's knowledge and experiences (Kitzinger J, 1995a) 
to gain understanding of a particular issue from the perspective of the group's participants 
(Khan M and Manderson L, 1992) and enabled an improved understanding of the basic 
principles supplied in conjunction with the literature review and allowed for an expert 
consensus of opinion of the most appropriate next steps in the development of small 
community water supplies (Gibbs A, 1997;Goss J and Leinbach T, 1996;Kitzinger J, 
1995b;Morgan D, 1997;Powell R and Single H, 1996)
There are two main uses for focus groups which have been used in this research (David L 
Morgan, 1997;Jane Farley Templeton, 1994;Khan M and Manderson L, 1992;Richard A 
Krueger, 1994):
1. To reach an expert consensus of opinion on the key principles to ensure the on-going, 
sustainable delivery of safe drinking-water to small communities.
2. As verification of the use and need for a tool to improve the evidence base of the 
challenges and management strategies for the provision of safe drinking-water to 
communities.
2.5.1 Focus Group 1 -  Meeting on Small Community Water Supply Management, 
Reykjavik, Iceland 24-26 January 2005
The first focus group was a meeting of international experts from a broad range of 
backgrounds as can be seen in Table 2.1. Experts fell into two main categories:
1. Experts in the WHO GDWQ (some are also Governmental Stakeholders)
2. International Government Stakeholders responsible for community water supplies.
Table 2.1: Contributors to Focus Grouu i  to establish kev urinciules relevant to sm all
com m unitv water supplies
**Indicates experts o f the WHO GDWQ.
Name Region Agency Role
Mr Nil Okai Kotei Africa Public Utilities
Regulatory
Commission
Water Inspectorate 
Director
Eng Marco Campos South America CARE Peru Co-ordinator of Water 
Resources
Ms Jen Mercer North America Health Canada Manager -  Drinking
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Water Task Force
Mme Hanane Benqlilou Mediterranean Water Quality Control 
Directorate
Dr Donald Reid Europe Drinking Water Quality 
Division -  Scottish 
Executive
Dr David Drury** Europe Drinking Water 
Inspectorate
Principle Inspector
Mr Bob Breach Europe International Water 
Association
Professor Feroze. 
Ahmed
SE Asia Bangladesh University 
of Engineering and 
Technology
Mr Kamaluddin Ahmed SE Asia DPHE Bhaban Executive Engineer
Dr Guy Howard** SE Asia Department of 
International 
Development (UK) 
Bangladesh
Mr Phil Callan** W Pacific National Health and 
Medical Research 
Council
Director, Health 
Advisory Section
Dr David Cunliffe** W Pacific Environmental Health 
Service
Principle Water 
Quality Advisor
Dr Zhang Rong W Pacific National Centre for 
Rural Water Supply 
Technical Guidance
Dr Loftur Reimer 
Gissurarson
Scandinavia Reykjavik Energy Quality Manager
Ms Maria 
Gunnarsdottir
Scandinavia Samorka -  Federation 
of Icelandic Energy and 
Water Works
Division Manager
Dr Jamie Bartram** International World Health 
Organisation
Coordinator Water, 
Sanitation and Health
Ms Jacqueline 
Simms**
International World Health 
Organisation
Technical Officer, 
Water, Sanitation and 
Health
Representatives from all regions of the world attended the group with participants from water 
utilities, water quality and health surveillance agencies, academic institutes, government 
development agencies, non-governmental organisations, independent consultants and 
international agencies. The purpose of this focus group was to reach a consensus as to;
1. the specific, additional requirements for small community water supplies that have 
not been outlined in the GDWQ to ensure the on-going sustainability.
2. the establishment of specific research needs and the recognition that very little work 
had been carried out with regard to small islands.
The focus group was organised by Samorka, Iceland and the World Health Organization and 
the procedure for acquiring the necessary information was as follows:
72
1. An presentation introducing the GDWQ and a review of the a number of technical and 
management approaches being taken in respect of small community supplies in 
countries at differing levels of development.
2. An open forum for discussion moderated by a Chairman where members reached a 
consensus of the general context in which work on small supplies needs to be carried 
out.
3. An open forum for discussion moderated by a Chairman where members reached a 
consensus of the key principles to ensure the on-going, sustainable delivery of safe 
drinking-water to small communities, additional to those laid out in the GDWQ.
4. Throughout all stages of discussion, notes were taken and the full report of outcomes 
can be found at http://www.who.int/water sanitation health/dwq/smallcomws.pdf
The role of the moderator for this group was to ensure that all the relevant topics were 
covered and to prevent discussions losing focus. However, this focus group was relatively 
unstructured and reached consensus via a process of brain-storming to ensure that members 
were able to discuss any topic they felt was important with relatively limited boundaries.
The first international meeting on management of small community drinking water quality, 
held in Reykjavik, Iceland in January 2005, considered a number of technical and 
management approaches being taken in respect of small community supplies in countries at 
differing levels of development. The meeting established the general context in which work 
on small supplies needs to be carried out and developed a series of 12 key principles (WHO, 
2005) which outline the general requirements to ensure ongoing sustainability of local water 
supplies that do not pose a public health threat to consumers and have been called the 
'Reykjavik Principles^ These principles were then used for comparison purposes in the 
SWOT analysis to determine opportunities and threats to the improvement of small island 
drinking-water safety.
2.5.2 Focus Group 2 -  Meeting on Small Community Water Supply Management, Alice 
Springs, Australia 19-22 July 2005.
Focus group 2 was attended by experts from a broad range of backgrounds and can be seen 
from Table 2.2. The groups agreed on the principles outlined by the first focus group and a
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consensus of opinion was reached regarding the next appropriate steps to be taken in the 
development of small community water supplies.
This focus group was organized by the National Health and Medical Research Council, 
Australia and the World Health Organization. This was a more structured focus group in 
order to develop tools and strategies to improve drinking-water safety for communities. The 
procedure for this focus group is outlined below:
1. An overview presentation was given of the GDWQ.
2. Members where invited to give presentations describing the management support 
structures, characteristics and challenges of delivering drinking-water to communities 
specific to their countries.
3. The focus group was then spilt into three working groups to encourage open 
discussion and debate on the following broad themes:
-  Managerial Support Structures
-  Tools and Pilot Programmes
-  International Collaborative Network
4. I joined the Managerial Support Structures group so I could elicit opinion on existing 
management strategies and the potential of the GDWQ to improve drinking-water 
safety for community water supplies.
5. The first stage of discussion involved each of the group members taking turns to 
comment on what they considered to be the most important factor to improve 
drinking-water safety for small communities. A consensus was quickly reached that 
there was insufficient evidence to advocate any specific management strategy and that 
the next step for the group should be to develop a tool to improve the evidence base.
6. The next stage was an open forum for discussion moderated by an elected Chairman to 
establish the next steps to improving the evidence base. It was decided that the 
interviews I had developed for this research should be the basis of a generic 
questionnaire that would be relevant to any community globally and filled out 
independently.
7. The group then selected members to be part of a pilot programme to test the 
questionnaire over the coming year. I was the co-ordinator of this pilot group. The 
questionnaire can be found in Appendix 8.4.
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8. Notes were continually taken throughout the Alice Springs meeting and a full report 
can be found at http://www.who.int/water sanitation health/dwa/wsh06 3.pdf
The group verified that an appropriate data collection methodology for community water 
supply challenges currently doesn’t exist and that the interviews developed for this thesis 
were the basis of a generic evidence collecting tool. A major outcome of the meeting was the 
conclusion that there was insufficient evidence as to the challenges and existing management 
strategies for small community water supplies and that data and information collecting 
strategies should be developed to increase the evidence base for decision making. This 
supports and verifies the need for this research to be carried out and the development of an 
interview based methodology that has been created here.
Table 2.2: Contributors to Focus Group 2 FManaeement Suunort Structures W orkinc
Group] to establish tools for developm ent o f sm all com m unitv w ater supplies.
Name Region Agency Role
Mr Simon Buckley W Pacific South Asia & Africa 
Section, AusAid
Dr Andrew Langley W Pacific Central Zone Public 
health Network -  
Sunshine Coast
Mr Aku Doiji SE Asia Dzongkhag
Administration
District Engineer
Dr Mao Saray SE Asia Ministry of Rural 
Development
Director -  Department 
of Rural Water Supply
Ms Jennifer Mercer N America Drinking Water Task 
Force,
Manager
Dr Nouanta 
Maniphousay
SE Asia National Centre for 
Environmental Health 
and Water Supply
Director
Mr Sharad Adhikary SE Asia Environmental health 
Programme, WHO
National Operations 
Officer
Eng Marco Antonio 
Campos Rosemberg
S America CARE Peru Co-ordinator for water 
resources and 
sanitation
Miss Kuinimeri Asora W Pacific Samoa Water Authority
Mr Hetti Thanthridge 
Rohan Wijesooriya
W Pacific ADB Assisted Rural 
Water Supply and 
Sanitation Project
District Manager
Mr Andrew Speers United Kingdom International Water 
Association
Director
Mr Le Thieu Son Vietnam Centre for Rural Water 
Supply and 
Environmental 
Sanitation, Ministry of 
Agriculture and Rural 
Development
Deputy Director
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The interviews developed for this research were the basis for the development of standardised 
format questionnaire (see Appendix 8.4) to maximise utilitv and consistencv of the data and 
the information gathered. The questionnaire was developed through a pilot studv co­
ordinated bv the author of this thesis and will be utilised bv the World health Organization as 
a global evidence collecting tool.
2.6 DISCUSSION
As documented evidence of community water supply management practices is limited, 
particularly for small islands, it was necessary to collect as much evidence as possible within 
time and resource limitations. Much of the literature available was based on evidence from 
the Pacific region, accordingly additional information and data from another region of the 
globe was considered to be beneficial as this provided a basis for comparing challenges. The 
Caribbean was ultimately chosen because of the broad characteristics found in the region. As 
discussed in Section 2.2, it would have been beneficial to have an island with a higher infant 
mortality rate and population growth rate however the researcher was limited by the level of 
co-operation from these islands. The scope of this research is not to record every challenge 
experienced by every island globally. It is to identify core challenges experienced across a 
broad range of islands and analyse how the WHO Framework and the Water Safety Plan 
approach may mitigate these challenges. It would be the role of the Water Safety Plan Team 
itself to identify specific challenges to communities and regions and troubleshoot these 
challenges.
The methodology used to identify challenges drew on a range of qualitative research methods 
including case-studies, interviews, focus groups, surveys and observations. Fach method was 
designed to support the other in order to facilitate and verify the research methods used. As 
discussed in Section 2.3 it was decided that independent water quality testing was not 
justifiable in relation to this research. Insufficient water quality monitoring was itself 
considered to be a health risk and a challenge to the delivery of safe drinking water.
Interviews and focus groups were the primary research tools utilised for the case studies. The 
focus groups, along with the literature review were used to formulate interviews and also to
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verify the use and relevance of the interviews. The decision by the Expert Focus Group in 
Alice Springs, Australia, to use the interviews as a basis to formulate a generic questionnaire 
to be used by the World Health Organisation globally confirms that the interviews were 
reviewed as being both comprehensive and relevant in identifying challenges to drinking- 
water safety for small communities.
Analysis was used to identify how the WHO Framework might be used to mitigate these 
challenges and a SWOT analysis used to audit the potential opportunity of the WHO 
Framework to improve drinking-water safety in the small islands environment. The results of 
an expert focus group provided a means of verifying the potentially specific and additional 
requirements of the WHO Framework when seeking improvements in drinking-water safety 
in the small island environment.
2.7 CONCLUSION
Islands with a broad range of characteristics from a relatively unstudied region were chosen to 
add to the existing knowledge of the challenges experienced by small islands. The challenges 
were identified using a number of qualitative research methods. These methods were used to 
formulate a challenge identification tool and focus groups used to verify the 
comprehensiveness and relevancy of the tool.
An audit of the WHO Framework was then carried out to analyse the potential strategic 
position it may have in the small island environment to improve drinking-water safety. 
Strengths, weakness, opportunities and threats were analysed and additional specific 
requirements for the success of the framework in this environment identified and verified 
where possible by focus groups.
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3.0 THE CHALLENGES OF SAFE DRINKING-WATER PROVISION FOR SMALL
CARIBBEAN ISLANDS 
3.1 INTRODUCTION
Literature on the challenges to the provision of safe drinking-water is scarce and in order to 
assess if the WHO Framework for safe drinking-water may be appropriate, as adopted policy 
for small islands of the Caribbean, it was necessary to collect data and information of these 
challenges. Interviews, observations (as photographic evidence), document review and 
sanitary surveys were carried out at each of the community case-studies to establish 
challenges from operational to high policy levels and these challenges are subsequently 
described.
Complete transcripts of interviews have not been included in this thesis but have been kept on 
file for reference. Comments that provide evidence of the information required for analysis 
have been cited in the main text or, in the case of the semi-structured interviews, the 
information has been used to describe water supply characteristics and referenced 
appropriately.
3.2 SAINT LUCIA
Interviews carried out in Saint Lucia included all stakeholders involved with drinking-water 
management for the island. In total seventeen interviews were carried out, twelve of which 
were unstructured to establish the country-wide institutional and legislative framework and 
associated challenges. The information requirements from the unstructured interviews are 
outlined in the Institutional Interview section (see appendix 8.2), the remaining interviews 
where semi-structured to obtain information of drinking-water supply characteristics and 
operational procedures for the three community case-studies.
Table 3.0: Unstructured Interviews to establish Saint Lucia Institutional Framework.
Name Role Responsibility
GOVERNMENT REPRESENTATIVES 
Mr Augustine Chief Public Utilities Officer, Ministry of Informal regulation of water supply
Communications, Works, Transport & operations including tariffs and scaling-
Public Utilities up.
Debra Bushell Director of Water Resources, Ministry of Water resources assessment and
Agriculture, Forestry and Fisheries managing all matters relevant to
Member of the Water and Sewerage drinking-water supply, (temporary
Commission department).
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Wenn Gabriel 
Vincent Sweeney
Public Health and Water Quality 
Surveillance
Shanta King 
Trevor Yorke 
Gregor Winn 
Mrs Clarke 
Yanis Charles
Adrian 
Theobalds 
Raphael 
Eudovique 
Louis Ernest
Chief Environmental Health Officer,
Ministry of Health
Director, Caribbean Environmental Health 
Institute
Member of the Water and Sewerage 
Commission
WASCO SENIOR MANAGEMENT
Oversight of operations of water supply 
operations for Saint Lucia
Water policy development advice and 
managing all matters relevant to 
drinking-water supply in the Caribbean.
WASCO Operations Manager 
WASCO Water Services Manager 
WASCO Technical Services Manager
Oversight of management of water 
supply on the North side of the island 
Oversight technical operations for the 
whole island
Oversight of workforce management and 
some training.
Monitors water quality 
WASCO SOUTH-SIDE MANAGEMENT
Oversight of WASCO operations for 
Saint Lucia, south-side 
Formerly oversaw WASCO operations 
for the south-side of Saint Lucia 
Day to day operations of WASCO 
community water supplies. Saint Lucia 
south-side
WASCO Human Resources
WASCO Water Quality Manager 
 
South-side Manager, WASCO
Ex-south-side Manager, WASCO
Engineer, South-side, WASCO
Table 3.1 Semi-structured interviews to establish water supply characteristics for communities in Saint 
Lucia.
Name
Joseph Martia 
Michael Eugene 
Peterson Smith 
Hamilton 
Remy
Role
WASCO Supervisor, Micoud 
WASCO Supervisor, Bouton 
WASCO Supervisor, Thomazo 
WASCO Supervisor, Castries 
Sampling Monitor, WASCO
Responsibility
Oversight of operations and maintenance 
Oversight of operations and maintenance 
Oversight of operations and maintenance 
Oversight of operations and maintenance 
Carries out water quality sampling and 
testing for all WASCO supplies.
Interviews, observations and document review revealed many challenges and risks to 
drinking-water safety in Saint Lucia from catchment to consumer and in the country-wide 
framework.
3.2.1. Institutional Framework Challenges
Figure 3.0 shows the institutional and legislative drinking-water framework of Saint Lucia 
that covers aspects of water quality and public health surveillance (Gabriel W, 
2005;Govemment of Saint Lucia, 1975), water resource provision and protection 
(Government of Saint Lucia, 1946;Govemment of Saint Lucia, 2003) and a temporary 
program for monitoring water resources (Bushell D, 2005), in addition to the management of
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water and sewerage that should comply with public health standards (Augustine, 
2005;Govemment of Saint Lucia, 2003;Govemment of Saint Lucia, 1975;King S, 2005).
Oversight o f  Tariff 
& WASCO 
Management
Ministry of Public 
Works...
Water Resources 
Assessment 
(temporary -  to be 
dissolved)
M inistry o f  
A cricn liu re ..
N ation a l W ater  
& S c w c o ig e  
C orporation (n ot 
active)
Caribbean W-- Expertise
Environmental —1 Limited water
Health Institute quality surveillance
Ministry of Health
Cicero 
Treatment Plant
^______
Water & Sewerage 
Corporation 
(Head Office)
Water & Sewerage 
Corporation 
(South-side Office)
Limited water 
quality surveillance
Micoud Thomazo
Treatment Plant Treatment Plant
Tanker
Bottled
Bouton 
Treatment Plant
COMMUNITY WATER SUPPLY
Rivers & Springs
Rainwater Collection
Figure 3.0: Country-wide Framework for Community Drinking-water Supply for Saint
Lucia.
There is no evidence of an established policy in the management of drinking-water on the 
island. Interview extracts pointed to the fact that the government have a very active role in 
the decision making with regard to WASCO activities, without any analysis of the 
characteristics or challenges associated with supplying drinking-water in Saint Lucia. A lack 
of documented evidence resulted in much of the evidence of challenges being collected by 
interview and observations.
Much of the legislation is not enforced on the island due to inconsistencies in and between 
legislation, confusion of roles and responsibilities, no established practical methods of 
enforcement and a lack of resources. An example of this was with the creation and eventual 
dissolution of the National Water & Sewerage Corporation (NWSC). Vincent Sweeney, the 
Director of the Caribbean Environmental Health Institute and member of the NWSC 
described the events leading up to the break down of the Commission.
80
‘New legislation{Go\Qmm&ni of Saint Lucia, 2003) stated that any water utility on the island 
must be licensed. This created licensing issue in terms of WASCO because the opposing 
political party said that WASCO didn’t have a license. When the Government privatised 
WASCO, they required it to be licensed. The first order o f business for the Commission was to 
license WASCO but WASCO was already operating. The leader o f the opposition was a lawyer 
and made a big issue o f this so the Commission was asked to issue a one page license that 
didn’t say very much. The license didn’t refer to how the utility was going to operate but just 
said it was licensed. After the license was issued, the Commission tried to work out how to 
improve on the one page license which involved looking at the service to be provided and 
regulatory aspects. The commission had no secretariat but when the license was elaborated to 
the point that it made reasonable sense, the commission didn’t make sense because the 
commission was not able to satisfy it’s mandate, according to provisions o f the license -  so it 
was caught between a rock and a hard place -  at the same time recognising that if  licensing of 
WASCO was to be meaningful and if  it is to set a precedent for other interested service 
providers to get involved, then the license had to reflect a certain expectation -  there was a 
realisation that commission in its current form, in the way it’s constituted and the way it’s 
supported and financed was not going to work because no legislation existed about how to pay  
for it -  it was thought that commission should take a percentage o f the gross revenue o f the 
company as a licensing fee that WASCO would have to agree to. It doesn’t matter if  they 
[WASCO] had to pay 5 or 10% to get the license, practically licensing a sole utility on an 
island was an academic exercise because there is no recourse. So the Commission had to take 
a step back and at same time the World Bank stepped in with reform.’
The interview extract above illustrates the challenges associated with establishing an 
institutional and legal framework within which WASCO can operate, with clearly defined 
standards and its role and associated responsibilities. There is confusion as to how to regulate 
WASCO, methods of accountability and recourse for non-compliance. Alternative roles of 
the commission were not explored, such as a mechanism for co-ordination and collaboration 
among stakeholders or a forum for information exchange.
Other government stakeholders often lack the resources to support WASCO in fulfilling 
associated roles such as pollution (or catchment) control and independent surveillance. 
Challenges to catchment management are described in more detail later in this section but a 
comment made by Debra Bushell, the Director of Water Resources (an temporary agency set
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up to do a water resources assessment) at the Ministry of Agriculture, Fisheries and Forestry 
pinpoints a gap in the legislation and indicates how, even with reform, these gaps may not be 
resolved:
‘The problems are [in the catchments] that there is farming in areas that were once forested, so 
there is farming above intakes and there is no current legal framework to protect drinking- 
water [in the catchments].
[Debra Bushell is] ‘working with WASCO to create a new act. This was partially catalysed by 
the World Bank [who have stepped in to reform the sector] but they [the World Bank] didn’t 
really focus on water resources so we decided to do it [create catchment protection and water 
resource legislation] at the same time. ’
The comments above clearly demonstrate that there are gaps in the legislation but another 
interesting aspect is that even with reform by the World Bank important areas of drinking- 
water management and the associated legislation requirements were not addressed. In some 
cases, these have been independently addressed by stakeholders who did not feel that their 
legislative requirements had been fulfilled. There has been no holistic overview of the 
characteristics and challenges specific to the island in this reform, so a reasonable assumption 
would be that, even with reform, there are likely to be gaps in the legislation. Another 
question that arises from this area of the Saint Lucian drinking-water framework is that, even 
if legislation is passed to protect catchments, who will enforce it? The Water Resources 
Department was a temporary agency that was to be shut-down after it had fulfilled specific 
project requirements and there was no indication of another department taking over the role 
and responsibilities associated with catchment and water resources protection.
Taking another look at the comments made above by Vincent Sweeney, it becomes apparent 
that drinking-water in Saint Lucia is highly political. Comments made by several of the 
managers at WASCO supported this view and it has been suggested that government 
interference severely disrupts the effective management of drinking-water.
‘The problem with WASCO is not WASCO -  i t’s the politics that is running WASCO. Top 
management is unofficially hired by the Government in power and when the government 
changes so does the management. There is a lack o f consistent policy in WASCO because the
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top echelons o f management are turned over so regularly. ’ Adrian Theobalds, South-side 
Manager, WASCO.
Dennery [where a new treatment plant has been constructed] has been chosen fo r the new 
treatment facilities not because it has the greatest need but because it is a political favourite 
at the moment. ’ Adrian Theobalds, South-side Manager, WASCO
7 would want to see a change in management at WASCO after sector reform.’ Mr 
Augustine, Chief Pubhc Utilities Officer, Ministry of Communications, Works, Transport and 
Public Works.
There is a lack o f continuity in the organisation due to political pressure at the top of the 
company. Each new party [in power] will put their own General Manager in. ’ Gregor Winn, 
Technical Services Manager, WASCO.
POLICY DEVELOPMENT 
Lack of policy development 
Political interference
-  Inconsistent management and organisational policy of sector
INSTITUTIONAL STRUCTURE
Inconsistencies and gaps in legislation
-  Confusion of and gaps in roles and responsibilities
-  No established practical methods of enforcing legislation
-  Sector reform carried out with no holistic assessment of drinking-water sector challenges and 
requirements.
-  Lack of guidance for the development of a supporting institutional framework
-  No accountability of stakeholders
-  Lack of institutional support for the drinking-water supplier
INSTITUTIONAL CAPACITY
-  Lack or resources for formulation and enforcement of legislation
-  High senior management turnover results in loss of institutional memory and inconsistent 
management strategies and organisation policy.
-  Large staff turnover at an operational level results in staff that constantly need retraining
DECISIONMAKING
-  Decision making that is carried out arbitrarily with no assessment of characteristics, 
challenges or requirements for drinking-water supply.
-  Lack of documented evidence and reporting strategies.
Figure 3.1: Summary o f Institutional Framework Challenges for Saint Lucia
These comments indicate how involved the government are in the management of WASCO 
resulting in two main problems:
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1. Inconsistent management and organisational policy
2. Decision making that is carried out arbitrarily (this point will be expanded later in this 
section) and does not reflect the characteristics or needs for drinking-water supply 
management.
Figure 3.1 is a summary of the challenges that have been identified from the research carried 
out in Saint Lucia. It can be seen that there are difficulties for drinking-water management 
arise from areas such as policy development, institutional structure and capacity and decision 
making.
Another important characteristic of the existing drinking-water framework of Saint Lucia is 
the funding of the public supply. Although there has been a move to make WASCO more 
independent of Government there are still strong financial links due to poor financial 
management within WASCO. This results in the need for Government subsidies or, when 
these are refused, the use of the government as a guarantor for loans. Comments from 
interviews suggest a number of reasons for this poor financial management.
Even if they [WASCO] are 100% in the private sector, they will still rely on government fo r  
subsidies who will influence and regulate the tariffs. There will always be some level o f  
government influence but problems arise when expectations from politicians are often high 
without the capacity [of WASCO] to give. ’ Vincent Sweeney, Director of the Caribbean 
Environmental Health Institute.
WASCO are still unable to source their own funds due to bad credit so go to the government 
and that gives the government power o f company decisions. ’ Adrian Theobalds, South-side 
Manager for WASCO
WASCO is a big drain on government resources. ’ Mr Augustine, Chief Public utilities Officer 
-  Ministry of Communications, Works, Transport and Utilities.
The South have regular water quality problems and the majority only have chlorination as 
treatment although they still pay the same as the North who receive considerably more and 
better quality water. ' Yanis Charles, Water Quality Manager for WASCO.
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‘Tariff increases have been set arbitrarily rather than with any real analysis [of costs] making 
operations very difficult. ’ Debra Bushell, Director of Water Resources for the Ministry of 
Agriculture, Forestry and Fisheries.
‘There is the perception that senior management at WASCO get very large wages....which 
culturally demotivates workers and doesn’t encourage the public to co-operate and pay bills on 
time.’ Mr Augustine, Chief Public utilities Officer -  Ministry of Communications, Works, 
Transport and Utilities.
Many o f the workers are frustrated that there wages are so low. There is a big disparity 
between top management and operators who think this is unreasonable so there is a big [staff] 
turnover. ’ Hamilton, Supervisor for Castries Area -WASCO.
Some houses are un-metered and pay a standard rate. Use o f stand-pipes is also preferred 
because it cuts down on water costs. ’ Shanta King, Operations Director for WASCO
The comments above illustrate that there are many challenges in the financial management of 
the water sector in Saint Lucia which in turn, have a large impact on the successful 
management of the drinking-water supplier. Dependence on government for funding without 
clear management strategies, accountability and transparent decision making within WASCO 
results in concerns relating to the effective use of resources and political interference. This 
interference, as discussed previously, often results in decisions being made without any real 
analysis of characteristics, challenges or needs within the sector. Other financial management 
challenges include a general distrust in the water supplier from both government and 
consumers, resulting in poor co-operation in the setting and paying of tariffs and large 
amounts of wastage resulting in a loss of income for the supplier. Within the organisation 
itself, dissatisfaction with wages leads to disgruntled employees and a distrust of senior 
management.
Figure 3.2 is summary of the financial management challenges that are experienced in Saint 
Lucia.
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FINANCIAL MANAGEMENT
-  unrealistic expectations by government (and consumers) of the costs of drinking-water 
supply and a strong preference for suppressing tariffs
-  tariffs that are arbitrarily set with no analysis of costs
-  poor communities with limited treatment paying the same as wealthier communities with 
extensive treatment works.
-  unsatisfied customers not paying tariffs
-  senior management with very high wages
-  un-metered households and free stand-pipes leading to wastage
Figure 3.2: Summary o f Financial Management Challenges for Saint Lucia
The three community case-studies chosen for Saint Lucia include Bouton, one of the poorest 
communities on the Island (Saint Lucia Government Statistics Department, 2006) with few 
household connections (Department of Statistics, 2003), Thomazo which was selected due to 
records that indicated that there was no water supply for 90 days in 2003 (insert REF) and 
Micoud to reflect a community of middle-income (Saint Lucia Government Statistics 
Department, 2006) with no severe water supply problems in comparison to other communities 
(WASCO, 2004). Sanitary surveys of the catchment and treatment works were carried out 
and sources of contamination identified. Protection measures and the challenges in carrying 
out or maintaining these measures were also recorded through the interviews and observations 
recorded as photographic evidence.
3.2.2 Catchment Challenges
Table 3.2 below illustrates a summary of the main contamination sources and protection 
measures in place for the raw water sources used in for the treatment plant for each 
community case-study used for this research.
Catchments in Saint Lucia tend to be in forest or agricultural areas (Bushell D, 2005;Bmest L, 
2005), some of which are private land where regular access is inhibited (Martia J, 2005). 
There is no evidence of catchment protection in place except for fencing in disrepair for the 
village of Bouton.
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Table 3.2: Contamination Sources and Protection Measures for Raw W ater Sources in Saint Lucia
CONTAMINATION WATER
SOURCE
CATCHMENT
PROTECTION
MANAGEMENT
CHALLENGES
Micro Chemical Trans­
mission
Animal &
Human
Activity
Banana
Cultivation
Surface
Run-off
RIVER 
(Thomazo & 
Micoud)
Incomplete 
legislation [not 
enforced]
Located on private land 
Used for washing and 
bathing
Very high turbidity after 
rainfall
Animal &
Human
Activity
Roads SurfaceRun-off
SPRING
(Bouton)
Incomplete 
legislation [not 
enforced] 
Feneing -  in 
disrepair
Limited availability in 
summer
Very high turbidity after 
rainfall
Animal
activity
Roof & 
Storage 
Tank
Roof Run­
off
RAIN
(Bouton) None
Limited availability in 
summer
Picture 3.1: Thomazo
catchment: The picture shows a 
banana plantation located in the 
Thomazo catchment areas. The 
blue plastic bags seen in the 
picture are used to keep rodents 
off the banana’s but often come 
loose and block up the intake for 
the treatment plant.
Picture 3.0: Access road to Micoud intake chained off. This road 
is the access road to the private land of the former Prime-minister 
who agreed to allow WASCO to locate an intake here when he was in 
power. Since he lost power, access has been limited.
Major challenges to water safety in the catchment include heavy rainfall, causing significant 
surface run-off which adversely affects raw water quality, in the form of very high turbidity, 
microbiological contamination from human and animal activity and chemical contaminant 
from agriculture and urban areas. Intakes often block due to high silt load and human and 
agricultural waste (Bushell D, 2005;Ernest L, 2005;Eudovique R, 2005;Theobalds A, 2005). 
In the dry season, many of the water sources may dry up with communities relying on 
tankered supplies as described by Miehael Eugene, the Supervising Operator for Bouton.
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‘Fluctuation in supply normally occurs in the dry season when the source runs dry. During 
these times WASCO has many problems with production as the source relies heavily on rainfall 
fo r replenishment. ’
Figure 3.3 is a summary of catchment management challenges in Saint Lucia which have been 
identified from interviews, surveys and observations.
CATCHMENT MANAGEMENT
-  Microbiological contamination from animal and human activity in the catchments
-  Chemical contamination from banana cultivation and urban infrastructures
-  Roof catchments are not hygienically maintained.
-  Heavy rainfall in the hurricane season causing significant surface run-off and highly turbid 
raw water
-  Lack of rainfall in the summer causing many sources to dry up
-  Intakes often block due to high silt loading in addition to human and agricultural waste.
-  No evidence of catchment protection or management
-  Access to catchments and intakes often problematic as located on private land
Figure 3.3: Summary o f Catchment Management Challenges for Saint Lucia
3.2.3 Treatment Challenges
There are also many challenges that prevent appropriate treatment in all the community case- 
studies in Saint Lucia. The regular very poor raw water quality for Saint Lucia results in the 
need for multiple stages of treatment and abstraction management (Charles Y, 2005). There 
are significant problems with inappropriate selected treatment type and subsequent design, 
construction and installation (Martia J, 2005;Theobalds A, 2005) as shown in picture 3.2, 3.3 
and 3.4 below. The design of treatment facilities has often resulted in maintenance 
requirements that WASCO operational and maintenance staff are unable to fulfil and have 
therefore been abandoned.
Sanitary surveys were carried out at all three communities. Surveys for Bouton and Micoud 
will be discussed in more detail in section 3.2.4. Micoud was the only community with 
multiple stages of treatment, so Water Safety Plan surveys were supplemented with a 
Treatment Plant Survey from the GDWQ, 2nd Edition, Volume 3 (WHO, 1997). Risks at the 
Micoud treatment works identified in surveys included:
1. Sludge from settlement tanks disposed of near and around exposed distribution pipes 
(post-treatment)
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2. The slow sand filters did not contain any sand, were covered in algae and had a 
rainwater collection pipe directed into the middle of the ‘bed.’
3. Clarified water had an oily film visible on the upper surface.
4 . Chlorination is reported to be interrupted during power cuts.
Picture 3.2: Leaks in Micoud Slow Sand 
Filter. Micoud Slow Sand Filter has been 
leaking since construction and has been 
abandoned due to heavy silt loading clogging 
the bed (Martia J, 2005)
I
Picture 3.3: Rainwater collection directed 
to middle of SSF ‘betP. Rainwater run-off is 
collected and directed into an abandoned SSF 
to prevent flooding of the neighbouring 
community.
Picture 3.4: Abandoned settlement tank at Thomazo
treatment plant. Thomazo treatment currently exists of 
disinfection. The picture shows a settlement tank that has been 
abandoned as it became very difficult to maintain with very high 
silt loadings requiring very regular desludging and where there 
was no means of disposing of the sludge (Smith P, 2005).
There are no operational and maintenance guidelines for any of the community water supplies 
visited and no evidence of inspection procedures to assess the quality o f the works. Some 
water quality monitoring is carried out (WASCO, 2003;WASCO, 2004) but not during times 
when water quality is at its worst. In such cases the water supply is shut off to prevent highly 
contaminated water reaching the consumers. Communities have been known to go without
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water for up to ninety days, as reported by Louis Ernest, a Senior Engineer for WASCO 
South-side.
‘Pumps are turned off during the day when it rains so some people sometimes don’t have access 
[to the supply] for up to 90 days. We [WASCO] cut off the water supplies to communities 
because we don’t want to fall below WHO standards. ’
In communities where disinfection is the only treatment there are often excessive levels of 
chlorine which can be smelt and tasted and one baby was admitted to hospital with chlorine 
poisoning in 2004 (Eudovique R, 2005;Stone & Webster Management Consultants, 2004). 
This was due to the operators’ belief that ‘the more disinfection the better’ (Martia J, 2005) 
and there is currently no evidence to confirm that measures have been taken to correct this 
belief.
Table 3.3 below describes the type of treatment used in the community case-studies and 
indicates what evidence that could be found of procedures designed to ensure the efficiency of 
treatment barriers.
Table 3.3: Treatment Barriers to Prevent Pathogen Exposure
Micoud Thomazo Bouton
TREATMENT BARRIERS
Pre-treatment Settlement Settlement (Abandoned)
Treatment SSF (Abandoned)
Disinfection Automated on-line granular 
chlorination
Automated on-line granular 
chlorination
Bulk chlorination to 
storage tank
EVIDENCE OF BARRIER EFFICIENCY
Construction & 
Installation
SSF is leaking No damage could be 
detected
No damage could be 
detected
Operational
Procedures
No procedures in place No procedures in place No procedures in place
Maintenance
Procedures
No procedures in place No procedures in place No procedures in place
Appropriate 
Chemical Use
No coagulant used to aid 
settlement
Chlorine automatically 
dosed
Chlorine automatically 
dosed
Severe over-chlorination
Scaling-up programs, in some cases, seem to be based on political priorities (as discussed 
previously) rather than for those sectors of the population in most need. Decision making for 
improvements does not take into account reports and suggestions from managers and
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supervisors who have a good understanding of treatment characteristics and challenges. The 
comments made by members of WASCO management bellow illustrate this.
‘Reporting to senior managers comes in the form of a yearly report for training, funding, 
resources etc -  the yearly necessities to complete current responsibilities are usually granted 
but little above and beyond this. Employee’s suggestions are rarely taken on. ’ Yanis Charles, 
Water Quality Manager -  WASCO.
‘Technology decisions are taken high up in the company [WASCO] without any consultation 
with the operations managers about the community needs and that water supply situation in 
that community. ’ Hamilton, Supervisor for Castries Area.
Analysis of community water supplies is completed monthly but this resource is not used in 
decision making. ’ Gregor Winn, Technical Service Manager, WASCO
OPERATIONS
-  Poor raw water quality resulting in the need for multiple stages of treatment 
Poor construction and installation
Operational activities that increase risk of contamination.
-  Water quality monitoring only carried out during periods of ‘good’ raw water quality and 
therefore records do not reflect the true water quality provided to the communities. 
Intermittent supply due to treatment plants are turned off during periods of very poor water 
quality.
-  Over and under chlorination.
Untrained operators and misconceptions regarding appropriate dosing of chemicals.
DECISIONMAKING
-  Inappropriate technology selection and treatment design from local characteristics
-  Technologies selected that have very demanding operational and maintenance requirements 
resulting in technology abandonment.
-  Lack of reporting and dissemination of information: Operational and line-managers 
experiences and knowledge is not harvested by Senior Management or used in decision- 
making.
GUIDELINES AND PROCEDURES
-  Lack of procedures in place in case of treatment failure.
-  No operational and maintenance guidelines or procedures to optimise treatment.
-  No inspection procedures to ensure quality of works carried out
Figure 3.4: Summary o f Treatment Challenges for Saint Lucia
Figure 3.4 is a summary of the challenges identified for treatment in Saint Lucia. Many of the 
challenges appear to be the result of decision-making that has not been appropriately informed 
and where there are shortcomings in the supporting management structure. Training
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requirements are generally not met, there are limited operational or management procedures 
in place or appropriate inspection and monitoring strategies, as well as a lack reporting or 
dissemination of information.
3.2.4 Distribution Challenges
The distribution network in Saint Lucia is in considerable disrepair with 40% of water losses 
through leaks and illegal connections (King S, 2005). PVC pipes are often exposed as seen in 
Picture 3.5 or very shallowly buried and are easily damaged (Martia J, 2005) and there is no 
evidence of installation, operations or maintenance guidelines or hygiene practices.
Picture 3.5; Distribution network at Micoud. The main 
transmission line from Micoud Treatment Plant to the 
community is exposed and vulnerable to deterioration from 
UV exposure. Sludge from the settlement tank, on the 
occasions when it is emptied, is spread on the land around 
this area creating a viable source of significant pathogen 
exposure should the network be damaged.
Picture 3.6: Stand-pipe for the community of 
Bouton. The stand-pipe is unprotected and has a 
cracked plinth and exposed distribution line. A 
dog can be seen defecating in the vicinity. This 
stand-pipe is at the top of a very steep hill which 
makes transport of water for community members 
living towards the bottom very difficult.
Sanitary surveys for the piped supplies were carried out for all three communities and the 
results are shown in Table 3.4. Both Thomazo and Micoud are considered to have a medium 
risk of contamination and Bouton to be at a high level of risk. Common sources of risk for all 
communities included poor drainage around tap stands, exposed pipes and leaking pipes and 
intermittent supplies. Picture 3.6 below is evidence of the lengths communities will go to turn 
water supplies back on. The lock on this door to the pump room has been knocked out. 
Additional risks for Bouton include evidence of unsanitary conditions as can be seen in 
Picture 3.6 above.
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Table 3.4: Sanitary Survey for Bouton, Thomazo and Micoud -  Piped Water with Service Reservoir
Bouton Thomazo Micoud
Does the pipe leak between the source and storage tank? Y Y N
Is the storage tank cracked, damaged or leaking? N N N
Are the vents and covers on the tank damaged or open? N N N
Do any tap stands leak? Y Y Y
Does water collect around any sample site? Y Y Y
Is area uphill eroded at any sample site? N N N
Are pipes exposed close to any sample site? Y Y N
Is human excreta on ground within lom of standpipe? Y N N
Has there been discontinuity within last lo days at sample 
site?
Y Y Y
Are there signs of leaks in the main supply pipe in the 
system?
Y Y Y
Do users report pipe breaks in the last week? N N N
Is the supply main exposed in the sampling area? Y Y Y
TOTAL SCORE OF RISKS 8/12 7/12 5/12
RISK SCORE High Medium m edium
When heavy rainfall or the threat of rainfall is experienced, the water supply is turned off 
resulting in the distribution network regularly being in negative pressure for prolonged 
periods (Ernest L, 2005;Eugene M, 2005;Martia J, 2005;Smith P, 2005;Theobalds A, 2005) 
and therefore at a very high risk of pathogen intrusion. Poor sanitation facilities, the lack of 
household rubbish removal, open unhygienie meat markets and in some cases open 
defecation, in addition to poor drainage and regular periods of prolonged, heavy rainfall create 
an environment where the risk of potential pathogen transmission to the network is very high. 
In addition there is often insufficient chlorine to deactivate pathogens in the network. Storage 
tanks for all three communities are fairly new and are in good repair, although there is no 
evidence of hygienic cleaning procedures being applied routinely.
Picture 3.7; Pump-house door damaged by community 
attempting to turn  water supply back on. Heavy rainfall and 
surface run off causes very high turbidity raw water. The majority 
of the communities in Saint Lucia do not have adequate treatment 
facilities to reduce such high turbidity (and the resultant likely 
pathogen loading) so water supply is turned off during these times. 
Thomazo went without a public water supply for 90 days in 2003.
Figure 3.5 summarises the distribution challenges that have been identified through sanitary 
surveys, interviews and observations. Challenges regarding operational guidelines and
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maintenance are similar as for treatment. The lack of any procedures results in operational 
activities that may result in contamination of the supply.
OPERATIONS
-  Badly damaged and leaking distribution network
Poorly installed distribution network resulting in increased susceptibility to damage. 
Regular periods of negative pressure due to supply being turned off during rainfall. 
Pathogens in environment due to poor sanitation facilities and lack waste removal 
Poor drainage in communities creating transmission pathways to the network 
Insufficient or no chlorine residual in distribution
Unprotected stand-pipes are in disrepair and exposed to animals that may defecate in close 
proximity.
GUIDELINES AND PROCEDURES
No installation, operations or maintenance guidelines or procedures 
No inspection procedures to ensure good quality works.
No hygienic practice guidelines for works carried out
Figure 3.5: Summary of Distribution Challenges for Saint Lucia
3.2.5 Consumer Challenges
The poorest communities in Saint Lucia are not able to afford the connection to the public 
supply so rely on rainwater collection, stand-pipes and the river as water sources (Eugene M, 
2005;Smith P, 2005). Sanitary surveys carried out show that rainwater collection is often 
from rusting roofs with no evidence of known procedures to reduce contamination, such as 
first flush and hygiene procedures. Storage is not contained and easily accessible by small 
animals.
Pictures 3.8 & 3.9: Rainwater Collection Facilities for the Community of Bouton: Bouton suffers 
from extreme poverty and has only one stand-pipe that is heavily over-chlorinated serving the 
community. The stand-pipe is located towards the top of a very steep slope resulting in difficulties of 
water carriage. Those that can afford a connection install pipe-work themselves which snakes across the 
ground surface and is highly susceptible to damage. The majority of the community rely on rainwater 
collection as their main water supply but there is no evidence of good practice such as first-flush 
procedures or good hygiene.
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90% of residents of Saint Lucia have a household connection (Stone & Webster Management 
Consultants, 2004) however many prefer to use other sources to reduce the costs of tariffs 
(Smith P, 2005), therefore rivers are still regularly used as seen in Picture 3.10 and many still 
prefer to collect water from stand-pipes that are free (Theobalds A, 2005) and many believe 
that water is a ‘gift from God’ and should be free (Ernest L, 2005). There are no household 
plumbing guidelines or regulations and many connections are fitted by residents and are laid 
on the ground surface as seen in Picture 3.11.
Picture 3.10: Woman
washing her clothes in 
the nearby Thomazo 
river to reduce water 
costs.
Picture 3.11: Household
Connection in the 
community of Bouton. This 
resident has installed his own 
connection with no guidance 
as to good practice. The pipe 
is laid directly on the ground 
and is very susceptible to 
damage.
A sanitary survey of the rainwater collection practices in Bouton shows that the risk of a 
contaminated supply is very high. Unsanitary collection and handling is evident along all the 
stages of many of the rainwater collection systems in Bouton, as can be seen in Table 3.5.
Table 3.5: Sanitary Survey for Bouton -  Rainwater Collection and Storage
B outon
Is rainwater collected in an open container? Y
Are their visible signs of contamination on the roof catchment? Y
Is guttering that collects water dirty or blocked? Y
Are the top or walls of the tanks cracked or damaged? Y
Is water collected directly from the tank (no tap on the tank)? Y
Is there a bucket in use and is this left where it can become contaminated? Y
Is the tap leaking or damaged? Y
Is the concrete floor under the tap defective or dirty? Y
Is there any source of pollution around the tank or water collection area? Y
Is the tank unclean inside? Y
TOTAL SCORE OF RISKS lO / lO
RISK SCORE V ery H igh
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Figure 3.6 summarises the challenges identified for the consumer. These fall under the 
categories of connections and access and beliefs, behaviour and handling.
CONNECTIONS AND ACCESS
-  Many residents can’t afford connection fee to the public supply
Tap-stands may not be accessible to less able community members (very steep slopes)
-  No plumbing guidelines or procedures in place and pipes are often fitted by unskilled 
community members.
BELIEFS, BEHAVIOUR AND HANDLING
-  Use of unsafe water sources to reduce costs
-  Belief that water is a ‘gift from God’and should be free
-  Unsanitary collection and handling of rainwater.
Figure 3.6: Summary o f Consumer Challenges for Saint Lucia 
3.3 GUADELOUPE
Interviews carried out in Guadeloupe included public and environmental health officials, 
senior management of community water supplies and operations personnel. Much of the 
drinking-water supply activities in Guadeloupe are monitored and recorded so a good 
understanding of the country-wide and community frameworks could be developed from 
document review which has been supported by interviews and photographic evidence.
Table 3.6: Unstructured Interviews to establish Guadeloupe Institutional Framework.
Name
Olivier Reilhes
Mdme Merryfield
Amandine Dumone 
Dr Faroure 
Sylvie Roque
Mdme Bastaurade
Frank Sylvestre
Christian
Charbonne
Monsieur
Role Responsibility
GOVERNMENT REPRESENTATIVES
Head of Environmental Services for 
Guadeloupe, Direction de la Santé et du 
Développement Social (DSDS)
Head of Environmental Services for 
Pointe-a-Pitre, DSDS 
Researcher, DSDS 
Head of Health Surveillance, DSDS 
Chief Co-ordinator, Mission Inter Services 
de l’Eau de la Guadeloupe (MISE)
COMMUNITY MANAGEMENT 
MANAGEMENT OF CARENAGE:
General Manager, general des Eaux -  
Pointe-a-Pitre
MANAGEMENT OF SAINTE-ROSE:
Operations Manager, Tech-Eaux 
MANAGEMENT OF SAINTE-ROSE:
Regie des Eaux de Sainte-Rose 
MANAGEMENT OF PAPAYE:
Surveillance and regulation of drinking- 
water supplies
Health Surveillance
Co-ordinate activities of drinking-water 
stakeholders
Management and supply for drinking- 
water to Pointe-a-Pitre
Oversees’ operations of the Sofaia 
Treatment Plant, Sainte-Rose 
Community water supply manager
Management of the drinking water supply
96
Imambakas Secretaire Contable, Regie des Eaux de for Papaye.
Papaye
Table 3.7: Semi-structured Interviews to establish community water supply characteristics in
Guadeloupe
Name Role Responsibility
Carenage
Califf Michelle Operator -  Carenage Operator for supply for drinking-water to
Carenage
Sainte-Rose
Omer Capalita Regie des Eaux de Guadeloupe Operator - Sofaia Treatment Plant, Saint
Rose
Jean-Marqu Hamon Regie des Eaux de Guadeloupe Monitoring Water Quality
3.3.1 Institutional Framework Challenges
The institutional structure and legal arrangements for Guadeloupe are the same as for France 
and are mature and comprehensive in that they cover in detail all aspects of drinking water 
supply management from catchment to consumer (Government of France, 2001) as can be 
seen in Figure 3.7.
There are few gaps in the country-wide framework for Guadeloupe and the Legislation is 
adequate (Government of France, 2001) to ensure adequate catchment protection and water 
resource management, standards and guidelines for treatment, distribution and household 
plumbing. However practically enforcing such detailed laws and regulations is not always 
possible in Gaudeloupe. Olivier Reilhes, the Chief of Water Quality at the Department of 
Health commented on some of the water quality problems found in Gaudeloupe.
The structure of the surveillance departments and the privatised community water supply works 
very well in France but maybe not so well here. There is trouble with some of the companies 
not providing water that is within EU standards [the standards adopted by Guadeloupe as a
department of France], especially during times of heavy rainfall  Some communities choose
to treat their own water supply rather than have a private company come in and there are often 
problems with water quality here.
One of the communities that has water quality problems is Sainte-Rose (which has been 
selected as a case-study for this research and will be studied in more depth later in this 
section). The standards outlined in the legislation are regularly not met (Direction de la Santé 
du Développement Social, 2004; Direction de la Santé du Développement Social, 2005;
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DSDS, 2003) and it has been suggested that reasons for this may be the unwillingness of the 
Mayors of these communities to set tariffs at an appropriate level to adequately cover the 
costs of treatment necessary to supply safe drinking-water.
Saint Rose has poor quality water because the Mayor does not want to raise the tariff and the 
distribution network needs a lot of maintenance. Sometimes there is not enough money to buy 
chlorine. The surveillance agency has written to the Mayor but the Mayor won’t raise tariffs 
because he wants to remain popular even though the residents are buying bottled water to 
drink. It [drinking-water] is not considered a priority in the community. Madam Merryfield, 
Direction de la Santé et du Développement Social (DSDS)
Tariffs in Guadeloupe are set by the Mayor of the community regardless of who manages the 
drinking-water supply. In Point-a-Pitre the drinking-water is managed and operated by a 
private company. General des Eaux. In this case. General des Eaux has calculated the cost of 
supplying drinking-water that will meet water quality standards and informed the Mayor of 
the necessary minimum charge.
The tariff [for Pointe-a-Pitre] is set by the syndicate [Mayor]. General des Eaux tells the 
syndicat how much it will cost to supply the water and then the syndicate then add tax etc. 
Madam Bastaurade, Chief of General des Eaux, Pointe-a-Pitre.
There are however communities within Pointe-a-Pitre that are unable to afford a household 
connection and rely on Government subsidised stand-pipes and bottled water. One of these 
communities, Carenage, will be investigated further in this section.
Access to safe drinking-water is not just isolated to inappropriately set tariffs or to those that 
are unable to afford tariffs. There are also particular problems with vulnerable groups for 
Guadeloupe. Opportunistic bacterial infections are a problem for those with suppressed 
immune systems as commented on by Madam Merryfield as DSDS.
St Barts has problems with Pseudomonas Aeruginosa and opportunistic bacterial infections 
that can live in the water and infects people with weak immune systems such as children, elderly 
and people with HIV and cancer. There is a high percentage of HIV sufferers in the St Barts 
who regularly contract these infections.
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POLICY__________________
Department of the Environment (DIREN)
Co-ordination of environmental policy and provision of expert advice.
SURVEmLANCE, REGULATION AND GOVERNMENTAL SUPPORT
Department of Health 
& Social Affaires 
(DDASS).
Drinking-water 
surveillance &
catchment protection.
Department of 
Agriculture & Rural 
Affairs (DDAF)
Water resource 
protection & 
surveillance.
Department of Industry, 
Research and the 
Environment (DRIRE)
Regulation of industrial 
pollution & drinking-water 
tariffs.
Department of Equipment 
(DDE) 
Regulation of drinking- 
water & public hygiene in 
the planning of construction, 
buildings and housing.
Mission Inter Services de l’Eau (MISE)
Responsible for coordination of drinking-water related government departments and the efficient application of water laws
regarding authorisation and declarations of supply
ORGANISATIONAL MANAGEMENT OF COMMUNITY WATER SUPPLY
SIEAPAPA* Commune de Communauté de
Sainte Rose communes du sud
Basse-Terre
COMMUNITY WATER SUPPLY OPERATIONAL MANAGEMENT
General Des Eaux Regie Des Eaux de Regie des Eaux de
(private company) Sainte-Rose Papaye
COMMUNITY WATER SUPPLY OPERATIONS
General Des Eaux Regie Des Eaux de Tech Eaux(private company) Sainte-Rose (private company)
^Syndicat intercommunal d’eau et d ’assainissement de Pointe-à-Pitre et les Abymes
Figure 3.7: Country wide Framework for Community Drinldng-water Supplies for
Guadeloupe
There is no evidence that vulnerable groups are considered in decision making for the 
management and supply of drinking-water and there are particular problems with residents
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unable to afford the public drinking-water supply or those that have special water quality 
requirements to prevent infection.
Other areas where legislation has not been enforced on the island includes catchment 
protection. Licenses to abstract and supply water have not been issued in order to reduce 
bureaucracy and there have been incidences of pesticide levels being so high that intakes have 
been abandoned.
All private companies are supposed to have a license to abstract and supply water but not many 
of them do. Under French law, if a company has a license to abstract they are allowed to buy 
the land upstream of the catchments. There is also a lot of bureaucracy to issue license so this 
is often avoided.
There are also problems with pesticides and activated carbon filters have been installed at 
certain treatment works. Some intakes had to be shut because the concentration was too high. 
Olivier Reilhes, Head of Environmental Services, Department of Health
As far as I can tell, there is no protection of captures. There seems to be a preference for 
treatment rather than prevention [of contamination]. Sylvie Roque, Chief Co-Ordinatore, le 
MISE
The comments above illustrate that the legislation for France, although comprehensive is not 
always suited to the characteristics of conununities in Guadeloupe. For instance, in a small 
island environment, the land supply is limited and it would not be appropriate for large 
proportions of the island to be owned and controlled by the water supplier. Licensing the 
water supplier for abstraction would enable this piece of legislation to be enacted which may 
well be detrimental to other aspects of small island life such as the economy and space for 
habitation. Highly bureaucratic processes are also avoided as human resources are limited.
Although the country-wide framework for Guadeloupe is detailed and there is legislation to 
support all aspects of drinking-water management, there are a number of gaps in the 
implementation of the institutional structure that have resulted in the provision of unsafe 
drinking-water to some communities and marginalised groups. Figure 3.8 highlights the 
challenges identified that contribute to this situation. It should be noted that only in a very
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few communities is the provision of safe drinking-water a low political priority with 
interference in tariff setting. The majority of the island receives good quality drinking-water 
however, as discussed previously, this is off-set somewhat by those that are unable to afford 
tariffs in these areas. Everyone on the island does have access to a safe drinking-water supply 
and marginalised groups use a combination of tap-stands and bottled water.
POLICY
Safe drinking-water is a low political priority
-  Vulnerable groups that have not been accounted for and have specific health and therefore 
water quality requirements.
LEGISLATION
-  Legislation that is not appropriate for islands characteristics of small land area and limited 
human resources
-  Legislation that is not enforced, particularly with regard to catchment and drinking-water 
quality.
FINANCIAL MANAGEMENT
Political Interference in the setting of tariffs
-  Tariffs that are insufficient for the cost of treating and supplying drinking-water that meets 
the water quality standards of Guadeloupe.
-  Tariffs that are too expensive for some residents of Guadeloupe to afford.
Figure 3.8: Summary o f Institutional Framework Challenges for Guadeloupe
The three case-studies chosen for a more in-depth assessment in Guadeloupe included 
Carenage, a peri-urban community who have access to a good quality public water supply that 
is managed by a private company. The community are not able to afford the connection fees 
or tariffs and rely on free stand-pipes and bottled water. The drinking-water supply in Sainte- 
Rose is managed by the community themselves and water quality surveillance has shown 
water quality and availability problems for this community. The drinking-water supply for 
Papaye is also managed by the community and water quality problems have also been 
recorded. Papaye and Sainte-Rose both have water quality problems but the raw water source 
and treatment used for each community is very different, essentially providing an opportunity 
to assess problems with water quality from two systematically different case-studies.
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3.3.2 Catchment Challenges
The majority of the water supply catchments for Guadeloupe are on Basse-Terre, the volcanic 
side where there are many rivers and much higher rainfall (Meteo France, 2004;Syndicat Eau 
et Assainissement de Basse-Terre/Saint-Claude, 2002). Figure 3.9 below shows the principle 
sources of catchment pollution and it has already been established in the previous section that 
catchment protection is limited. Sources of pollution may arise from abattoirs, landfill, power 
stations, piggeries, fisheries, distilleries, food production and the discharge of non-treated 
waste water. Raw water samples taken by the Department of Health show that raw water 
contamination exceeds standards for Papaye and Carenage, as shown in tables 3.8 and 3.9. 
Similar tables for Sainte-Rose could not be found but water quality reports state that barium, 
phenols and zinc are greater than the specified standards (Direction de la santé du 
développement social, 2005)
The raw water source for Papaye is a spring located high up the Basse-Terre volcano and not 
easily accessible to humans. However water quality results show that hydrocarbons (most 
likely from a motorised vehicle) and pesticides are, or have been, present in the raw water, 
suggesting that there is agricultural activity within the catchment.
Table 3.8: Results of Raw Water Quality Samples for Papaye. (Syndicat Eau et 
Assainissement de Basse-Terre/Saint-Claude, 2002)
S tan d a rd N um ber o f N um ber o f Dose
Sam ples Taken Sam ples
(dates unknown) Exceeding
S tan d a rd
CHEMICAL
Hydrocarbons 5 1 Unknown
Iron 5 1 Unknown
Chloroforme 4 1 Unknown
Parathion Unknown 1 2.5US/1
HCH Unknown 1 2.5MK/1
Dieldrine Unknown 1 2.5ns/l
Diazinon Unknown Repeatedly 0 .32pg/l
MICROBIAL
Thermotolerant 4 1 Unknown
Conformes
Carenage is a community located in one of the largest urban areas of Guadeloupe and water 
quality results show that, although concentrations are unknown, there is a high level of 
chemical contamination as shown in Table 3.9.
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Table 3.9: Results of Raw Water Quality Sampling for Carenage 
from 1996 to 2005. (Direction de la santé du développement social, 
2005)
C on tam inan t No o f  sam ples % g re a te r  th a n  
specified  
s tan d a rd s
Barium 41 85
Copper 41 5
Hydrocarbons 5 So
Phenols 29 97
Trichlorfon 12 17
Figure 3.9 and Tables 3.8 and 3.9 illustrate that there are polluting activities in the catchment 
and that these activities are affecting water quality. This has been further confirmed by 
intakes that have had to be abandoned due to excessive levels of pesticides in the raw water 
(Reilhes O, 2005).
Guadeloupe is sub-tropical island and subject to rainy and dry seasons. Heavy and prolonged 
rainfall results in raw waters with very high turbidity which can be very difficult to treat, as 
mentioned by the Operating Manager of Sainte-Rose:
Raw water quality can raise to more than 500NTU in the rain and is ‘impossible to treat’ Frank 
Sylvestre, Tech Eaux -  Operations Managing for Sofaii Treatment Plant, Sainte-Rose
Periods of heavy rainfall or very dry seasons can both affect water availability, namely during 
heavy rainfall, water is untreatable and therefore the supply is turned off or in dry periods 
rainfall is insufficient to replenish supply (Syndicat Eau et Assainissement de Basse- 
Terre/Saint-Claude, 2002). Sainte-Rose does not have adequate treatment facilities for high 
turbidity raw water and shortage of supply is often experienced by the community.
[During rainfall] in the absence of appropriate raw water storage there can be a shortage of 
supply during these times. Omer Capalita, Operator - Sofaii Treatment Plant, Sainte-Rose.
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MATERIAL REDACTED AT REQUEST OF UNIVERSITY
Figure 3.9: Principle sources o f pollution for Guadeloupe 
(Comite de bassin de la Guadeloupe, 2003)
The available evidence suggests that catchment management is not a priority in Guadeloupe. 
There is a supporting institutional framework to protect catchments but at present these 
mechanisms are not being utilised. As discussed in Section 3.3.1 this may be due to problems 
with the existing legislation that public health authorities are deliberately not using due to its 
unsuitability for the small island environment. Figure 3.10 summarises the challenges 
identified above. In addition to difficulties with catchment management, the natural climatic 
conditions result in poor availability of good quality raw water in the dry season or excellent 
availability of very poor quality raw water in the rainy season due to heavy surface run-off.
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CATCHMENT MANAGEMENT
Limited catchment and water resource protection
-  Ownership of catchments
-  Hazardous land use in catchments
-  Multiple sources of micro-biological and chemical pollution
-  Abandoned intakes
WATER RESOURCES
-  Extremes in availability of water due to climate
-  Extremes in quality of raw water due to climate
Figure 3.10; Summary o f Catchment Challenges for Guadeloupe
3.3.3 Treatment Challenges
Raw water for Guadeloupe can have very high turbidity and multiple stages of treatment are 
required in order that drinking-water meets the (European Union) standards adopted by the 
island. In some communities, appropriate technology exists and design, construction and 
installation appear adequate; however, the availability of appropriate chemicals and spare 
parts is often intermittent due to lack of financial resources and reliance on imports.
It is a problem [availability of spare parts], there are still problems in areas -  we don’t have the 
money for spare parts and have to wait for them from France. Some problems with turbidity -  
we need chemicals [for treatment] and they are not always available. Califf Michelle -  
Operator, General des Eaux for Pointe-a-Pitre (Carenage)
There is a large disparity in tariffs between two of the case-studies, Sainte-Rose and 
Carenage. Sainte-Rose is managed by the community and the tariff has been kept deliberately 
low for political reasons, as discussed earlier in this section. Water is charged at 61 cents per 
1000 litres (Charbonne C, 2005) in Sainte-Rose whereas in Carenage it is 9 francs and 40 
cents per 1000 litres (Bastaurade, 2005). However the majority of the community of 
Carenage are unable to afford to connect to the public supply and prefer to use a subsidised 
(free) stand-pipe and bottled water. Sainte-Rose also has a problem with tariff collection as 
commented on by Monsieur Charbonne who manages Sainte-Rose’s drinking-water supply.
Only 60% of the community will pay the tariff. The others won’t pay because the water quality 
is not good enough and the service is not reliable. Charbonne Christian -  Director de Regie des 
Eaux de Sainte-Rose
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The disparity between the two serviee providers can further be seen from photographic 
evidence of the maintenance of both the treatment works. Pictures 3.12 to 3.14 are of the 
treatment plant supplying Carenage. Each stage of treatment is immaculately clean with 
standard procedures in use for operations and maintenance as well as inspection and 
supervision. Pictures 3.15 and 3.16 are of the Sofaii treatment plant that supplies Sainte- 
Rose. The facilities for this plant were poorly maintained with settlement tanks that were in 
need of cleaning. There was no evidence of adequate procedures in place for operating and 
maintaining the plant and water quality problems have been regularly reported (Direction de 
la Santé du Développement Social, 2005).
Pictures 3.12: Settlement Tank at 
Pointe-a-Pitre Treatment Plant 
that supplies the stand-pipes for 
the community of Carenage. This 
plant is managed by General des 
Eaux with excellent operations and 
maintenance procedures. The 
settlement tanks and remaining 
facilities were spotless.
Picture 3.13: Well maintained
Baffle-tanks for Pointe-a-Pitre 
Treatment Plant that supplies 
the stand-pipes for the 
community of Carenage
Picture 3.14: Second
settlement tank being 
cleaned at the Pointe-a- 
Pitre Treatment Plant that 
supplies the stand-pipes 
for the community of 
Carenage
Water quality testing shows that the treatment plant at Pointe-a-Pitre has some water quality 
problems with chemical contamination and turbidity as seen in Table 3.10. As stated 
previously, chemicals for water treatment are not easily available and high turbidities can be 
difficult to reduce to the standard adopted by the island (<1NTU).
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Picture 3.15: Lamella 
Tubes with visible 
sedimentation build­
up at the Sofaii
treatment plant that 
supplies Sainte-Rose.
Picture 3.16: Algal Growth on the side of the settlement tank at the 
Sofaii treatment plant that supplies Sainte-Rose
There was no evidence of operational and maintenance procedures at the 
Sofaii treatment Plant where water quality problems are often reported.
Table 3.10: Water Quality Testing Results for Pointe-a-Pitre Treatment 
Plant (Direction de la santé du développement social, 2005)
C on tam inan t No o f sam ples % above specified  
EU s tan d a rd s
CHEMCIAL
Barium 5 100
Boron 5 lOO
Copper 6 67
Dichlorothane 1,2 10 70
MICROBIAL
Intestinal Enterococci i 6o 3
Turbidity 14 14
Water Quality testing at Papaye treatment plant shows that there is both chemical and 
microbial contamination detailed in Table 3.11.
Table 3.11: Water Quality Testing Results at the Papaye Treatment Works 
(Direction de la santé du développement social, 2005)
S tan d a rd N um ber o f Sam ples 
Taken
N um ber o f 
Sam ples 
exceeding 
s ta n d a rd
CHEMICAL
Hydrocarbons 3 1
Chlorodibomomethane 1 1
Chloroforme 1 1
Dichloromonobromethane 1 1
MICROBIAL
Conforms Unknown 21%
Thermotolerant Coliforms 14 4
Bacteria Spores (unknown 
type)
14 2
Faecal Streptococci 14 7
bacteries aerobics 8 3
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revivifiables (?) at 22°C- 
72h
bacteries aerobies 
revivifiables a S7°C-24h’
8 4
There is a large disparity between drinking-water treatment plants in Guadeloupe. All the 
treatment plants have problems with poor availability of spare parts and appropriate 
chemicals. Other challenges that have been found at the Papaye and Sainte-Rose treatment 
plants can be seen in Figure 3.11 which is a summary of the treatment challenges for 
Guadeloupe. Multiple stages of treatment are required to treat the sometimes very poor raw 
water quality which requires more complex operations and management to ensure on-going 
sustainability.
OPERATIONS
-  Multiple stages of treatment required to treat raw water quality
MANAGEMENT
Lack of financial resources to cover costs of required treatment
-  Reliance on imports for chemicals and spare parts resulting in often poor availability.
-  Unpaid tariffs because of customer dissatisfaction
-  Large disparity in good water quality access and availability between communities. 
GUIDELINES AND PROCEDURES
-  No operations and maintenance guidelines or procedures
-  No Inspection procedures
Figure 3.11: Summary o f  Treatment Challenges for Guadeloupe
3.3.4 Distribution and Consumer Challenges
The state of repair of the distribution network for Sainte-Rose and Papaye is not clear, 
however leaks are known to exist and pressure is intermittent, as supply is not continuous 
(Sylvestre F, 2006;Syndicat Fau et Assainissement de Basse-Terre/Saint-Claude, 2002) as 
shown in Picture 3.17. The sanitary environment of the communities is fairly good with 
household waste being removed (Reilhes O, 2005), good drainage and no known problems 
with sanitation. There are also no operations and maintenance procedures in these smaller 
communities and no hygiene codes of conduct. In general the distribution networks supplying 
Carenage managed by the private water supplier General des Faux are in good repair and 
there are stringent procedures carried out that are regularly inspected in addition to 
computerised water quality testing of reservoirs every fifteen minutes (Bastaurade, 
2005;Direction de la santé du développement social, 2005;Michelle C, 2005;SIAFAG, 2003).
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However parts of the distribution network were damaged during an earthquake in 2004 and 
General des Eaux are still waiting for government funding to make repairs (Bastaurade, 
2005).
MATERIAL REDACTED AT REQUEST OF UNIVERSITY
Picture 3.17: Sainte-Rose -  a dry region.
(FRANCE-ANTILLES. Le Quotidien D’Information de la Guadeloupe, 2005).
The Carenage community in Guadeloupe rely on two stand-pipes for their drinking-water 
supply that are at very high risk of contamination. Sanitary surveys show that taps and pipes 
visibly leak and are damaged, the plinths are cracked and there is no protection from the many 
stray dogs. Other communities have household connections however, although 
comprehensive plumbing guidelines and regulations exist (Government of France, 2001), 
there is no evidence of an active enforcing agency on the island. The quality of the public 
supply (Direction de la Santé du Développement Social, 2005) is such that many rely on 
bottled water for drinking (Michelle C, 2005). Picture 3.18 is of a commercial property that 
has no running water and the owner, therefore, relies on bottled water as shown.
Table 3.12 shows sanitary surveys conducted of standpipes in Carenage. There is a medium 
risk of contamination as there is evidence of leakage, the tapstand is unfenced and water 
accumulates at its base, the plinth is cracked and broken and the tap leaks which can be seen 
in pictures 3.19 and 3.20 below.
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Table 3.12: Sanitary Survey for Carenage and Papaye -  Piped Water
Papaye Carenage
Do any tap stands leak? N Y
Does surface water collect around any tapstand? N Y
Is area uphill eroded of the tapstand eroded? N N
Are pipes exposed close to any tapstand? N Y
Is human excreta on ground within lom of standpipe? N N
Is there a sewer within 30m of any tapstand? N Y
Has there been discontinuity within last 10 days at the tapstand? N N
Are there signs of leaks in the main supply pipe in the system? N Y
Do users report pipe breaks in the last week? N N
Is the supply main exposed in the sampling area? N N
TOTAL SCORE OF RISKS 0/10 5/10
RISK SCORE Low Medium
Picture 3.18: Commercial property at Carenage
without a water supply connection. The owner relies 
on bottled water, as seen in the picture and the stand­
pipe shown in Picture 3.19.
Picture 3.20: Vulnerable and susceptible pipes 
supplying Carenage stand-pipe. The pipe is 
exposed and there is poor drainage in the area. 
Stray dogs are a particular problem in Guadeloupe, 
particularly in urban areas where there are 
scavenging opportunities.
I
At».
Picture 3.19: Badly damaged
Stand-pipe supplying the 
community of Carenage. The
plinth and pipes are damaged and 
there is poor drainage around the 
base of the stand, as well as no 
protection from animal.
\
Figure 3.12 summarises the challenges that have been identified in the above section for 
distribution and consumer in Guadeloupe. Difficulties have been discovered in operations -  
maintaining the network and providing a continuous supply. Some communities have no 
procedures in place for day-to-day operations and maintenance or in the case of emergency 
events. Consumers are often frustrated at the lack of information disseminated and are forced 
to rely on alternative water sources. In addition to this, no evidence has been found of good
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household plumbing practises being carried out, so this had also been included as a potential 
challenge for the island.
OPERATIONS
-  Distribution network leaking and in disrepair
-  Prolonged periods with no supply
-  Free stand-pipes are in considerable disrepair
-  Severely damaged transmission line cannot be repaired without funding made available by the 
government.
GUIDELINES AND PROCEDURES
-  No procedures to keep consumers informed in case of an event.
-  No Standard Operating Procedures in place for installation or maintenance of the distribution network
-  No hygiene code of conduct
CONSUMER
-  There is no evidence that household plumbing guidelines are enforced
-  In areas where tariffs are high, some residents are unable to afford connection fees 
Reliance on bottled and tankered water
Figure 3.12: Summary o f Distribution and Consumer Challenges for Guadeloupe
3.4 THE BAHAMAS
Interviews were carried out with a number of stakeholders to establish country-wide 
characteristics. Ten of these interviews were unstructured and at a policy level which 
included Government representatives and senior management of the primary water supplier 
for the capital island and the family islands. A further nine semi-structured interviews were 
carried out to establish day to day operations within the communities.
Table 3.13: Unstructured Interviews to establish the Institutional and Legislative Fram ework for the 
Bahamas
Name Organisation Role Responsibility
GOVERNMENT REPRESENTATIVES 
B Brown Department of Environmental Deputy Chief Public Analyst Water quality surveillance
Health
A. Ryan Department of Environmental Senior Lab Technologist
Health
L Williams Department of Environmental Assistance Analyst
Health
C Miller Department of Environmental Senior Lab Technologist
Health
D King Department of Public Works Acting Deputy Buildings
Control Officer 
WSC SENIOR MANAGEMENT 
R Cant Water & Sewerage Assistant General Manager
Plumbing inspection 
Water Supply -  family
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Corporation islands
J Bowleg Water & Sewerage 
Corporation
Engineer/Hydrologist Water supply, Nassau
M Bastian Water & Sewerage 
Corporation
Engineer -  water supply Water supply, Arawak Cay, 
Nassau
C Coleby Water & Sewerage 
Corporation
Senior Engineer Water Supply Tanker
S Swann Water & Sewerage 
Corporation
Hydrologist Water Quality Unit -  
monitoring
Table 3.14: Semi-structured interviews to establish water supply characteristics for the Bahamas.
Name Role Responsibility
ORANGE HILL BEACH INN 
Danny Lowe (Operator) Hotel Proprietor Oversees operations and maintenance for Hotel water
supply
Harry D’Oyley Technical Support Reverse Osmosis Technology Supplier and Support
Foreman
Monitor
Water Quality Manager
Ralph 
Middleton 
Brian Beneby 
Mike Swann 
Franklin 
Cooper
Gregory 
Johnson
Andrew Service Manager, WSC
Johnson Eleuthera
Marcus Cullens Service Foreman, WSC
Eleuthera
FINLAYSON STREET, NASSAU
Prospect Pumping Station
Raw and treated water quality monitoring 
Overseas monitor
Community member - Finlayson, Nassau
HARBOUR ISLAND 
Area Manager, WSC Eleuthera Manages water supply for Harbour Island)
Supervises operations and maintenance for the water 
supply for Harbour Island
Operations and maintenance for the water supply for 
Harbour Island
3.4.1 Institutional Framework Challenges
Figure 3.14 shows the main agencies included in the institutional structure for community 
drinking-water supply for the Bahamas. The most active agencies are the Water & Sewerage 
Corporation (W&SC) the functions of which are control and regulatory duties as well as 
provide a water supply service.
There have been two water resources assessments carried out for the Bahamas. The first by 
the US Army Corp (US Army Corp of Fngineers, 2004), the second was carried out by the 
W&SC (WSC The Bahamas, 1996). There is some analysis of institutional challenges in 
these documents including the implementation of the rules and regulatory duties are not fully 
developed. This is due to legal and institutional overlaps between water related laws and
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agencies, as well as the lack of a water resources development policy and a central 
institutional framework for its administration (Government of the Bahamas, 2004).
The institutional infrastructure in Figure 3.14 was developed from interviews and document 
review (Roebuck L et al., 2004;W&SC et al., 2003a). The structure is complex and there is 
some confusion as to the level of activity of many of the departments and the responsibilities 
that are allocated. For example, in the two documents that reference the Water & Sewerage 
Corporation, one of them places the W&SC under the Ministry of Consumer Affairs 
(Roebuck L et al., 2004) and the other under the Ministry of Works & Utilities (W&SC et al., 
2003b). Further evidence of unfulfilled responsibilities is a comment made by Dr Richard 
Cant, the Assistant General Manager for the Water and Sewerage Corporation;
‘The Public Utilities Commission was created but is not active in the water department at 
the moment because they are concentrating on the telecoms industry. ’ Dr Richard Cant, 
the Assistant General Manager for the Water and Sewerage Corporation
Other agencies shown in the Figure 3.14, such as the Joint Water Quality and Pollution 
Control and the Ministry of Agriculture, may also have little activity as no reference to either 
agency was made in any interviews throughout the island and their existence only found in 
documentation such as a water resources assessment report conducted by the US Army Corp 
(Roebuck L et al., 2004).
After extensive interviews it became apparent that in this very complex framework there are 
three government agencies with any real activity at present and, in reality, the framework can 
be simplified as in Figure 3.13 below. Within this smaller structure there are also problems 
such as conflicting roles of the W&SC as a water supplier and regulator as well as ineffective 
surveillance carried out by the Department of Fnvironmental Health. Surveillance reports are 
comprehensive (Ryan A and Government of the Bahamas, 2004) but there are no real 
mechanisms for recourse should water quality or quantity problems be discovered as 
highlighted by comments made by Senior Lab Technologists at the Department of 
Fnvironmental Health (DFHS);
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‘[The Surveillance program] is not effective/ Anthony Ryan, Senior Lab Technologist,
DEHS
‘[The Surveillance program] is not effective as hoped/ Coral Miller, Senior Lab 
Technologist, DEHS
In the DEHS itself there are also managerial structural issues that reduce effectiveness of the 
department as a surveillance agency, commented on by Anthony Ryan, Senior lab 
Technologist.
‘[In the Department of Environmental Health] there is confusion of roles and 
responsibilities, so higher up managers make decisions without consulting people 
responsible for an area. Nobody knows exactly what their responsibilities are and there 
is no dissemination of information, poor communication and bad management. ’ Anthony 
Ryan, Senior Lab Technologist, Department of Environmental Health.
‘[The Department of Environmental Health] is a stepping stone for training for people 
who want to go onto private sector which is a much better paid. So [the department] have 
to keep retraining people from scratch. There is not enough [skilled] manpower so when 
we try to leave we’re asked to stay as there is nobody else to do the job. ’ Anthony Ryan,
Senior Lab Technologist, Department of Environmental Health.
‘CEPIS have been brought in to consult on a new lab. Money was available for upgrade 
but it has taken two years to get to this stage and now money has been spent. ’ Anthony 
Ryan, Senior Lab Technologist, Department of Environmental Health.
Existing legislation also has gaps and does not adequately protect water resources or 
consumer health. Comments in a number of documents point out the inadequacies of existing 
legislation:
‘Current legislation lacks clarity, does not fully protect the groundwater resources from over­
abstraction and pollution and is not adequate in achieving proper sewage treatment standards’ 
(Roebuck L et al., 2004).
‘The WSC currently has no regulations with which to protect existing groundwater resources 
and rectify past failings.’ (W&SC et al., 2003c)
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Figure 3.13: Simplified & Active Institutional Framework for Community Drinking-water
Supply for The Bahamas
This, in addition to other comments below, suggest that existing legislation is unclear, has 
gaps and mechanisms for enforcement are not in place.
‘Bottled water became a priority when some unscrupulous people started filling from the 
tap, so Regulations have been drafted which have gone to State but have not been written 
yet’. Anthony Ryan, Senior Lab Technologist, Department of Environmental Health.
Tt is illegal to abstract water without a license but many houses have private wells’ John 
Bowleg, Engineer/Hydrologist, W&SC
Evidence of this is further supported by stakeholders on the island developing groundwater 
protection regulations to improve the regulatory framework (W&SC et al., 2003d) and the 
recommendation that a single environmental regulatory body be developed to enforce 
proposed regulations (Roebuck L et al., 2004). Legislation and the regulatory framework 
provisions therefore have gaps, are unclear and are unenforced.
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Figure 3.15 is a summary of the challenges identified from the evidence available and 
discussed above. The institutional framework in The Bahamas is extensive and complex and 
the evidence suggests that much of it is redundant. Departments also have difficulties as a 
result of the confusion in roles and responsibilities and a lack of supporting legislation. Water 
resources in The Bahamas are vulnerable and fragile and will be discussed in further detail in 
the next section. The lack of water resources policy for this island is creating considerable 
management challenges and current activities in catchments threaten to cause irreparable 
damage to existing resources. Decision making is also challenging and collection and use of 
information not used to the advantage of the stakeholders.
POLICY
-  Lack of water resources policy
-  No or unidentified agency for the administration of a water resources policy
INSTITUTIONAL STRUCTURE
Conflict, gaps and confusion of roles and responsibilities 
Confusing and complex inter-departmental structure
-  Many of the related governmental agency are redundant and do not carry out 
responsibilities
LEGISLATION
-  Legislation is unfulfilled and unenforced
INSTITUTIONAL CAPACITY 
Loss of skilled personnel 
Poor availability of skilled personnel
FINANCIAL MANAGEMENT 
Misuse of resources
DECISIONMAKING
-  Poor dissemination of information
Figure 3.15: Summary o f  Institutional Framework Challenges for The Bahamas
Water supply in the Bahamas comes from a variety of sources with 56% of the supply from 
the W&SC piped into the home, 31% from a private well piped into the home, 6% from 
public stand-pipes and the remaining unpiped or rainwater systems (WSC Bahamas, 2005). 
Three communities were researched, each representing the three main different supplies 
outlined above -  public piped, private piped and standpipe. Finlayson Street in Nassau is a 
peri-urban community with very low income and relies on a government funded stand-pipe 
(Ryan A and Government of the Bahamas, 2004) that is supplied by the W&SC; Orange Hill 
Beach Inn is a privately owned hotel that supplies and manages it’s own drinking-water with
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limited assistance from a private water technology supplier (Water Makers) from the United 
Sates. Harbour Island is one of the small outer islands where the water supply is piped to 
homes but suffers unique problems due to the geographical nature of the island (Johnson G, 
2005).
3.4.2 Catchment Challenges
There are three main drinking-water sources used in the Bahamas - fresh groundwater, 
brackish groundwater and rainwater. Freshwater resources are in the form of ‘Ghyben- 
Herzberg’ lenses (W&SC et al., 2003e) as seen in Figure 3.16, these are limited and very 
vulnerable.
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Figure 3.16: Ghyben-Herzberg Lens. (Bowleg J A, 2007)
Abstraction of freshwater from the lenses is in the form of shallow trenches or conduits that 
may cover many thousands of square feet. Well fields take up a considerable area of land and 
on some islands have become inhabited and therefore highly vulnerable to pollution (as 
discussed later in this section).
There are a number of threats to groundwater in The Bahamas and these include over 
abstraction, physical disturbance, point-source and diffuse pollution, solid waste disposal, 
disposal wells, septic tanks, abstraction wells, storm surges and bush fires.
Pumping groundwater at too high a rate, or from too concentrated an area, usually from 
individual wells or sections of well fields, can cause localised salinity increases (US Army
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Corp of Engineers, 2004). This is a particular problem in New Providence the capital island 
that has a high population density, commented on by A Senior Engineer of the WSC.
‘The well fields have been over-pumped in Nassau so the freshwater lens has been 
contaminated with upconing salt water and can only be pumped when there is rain.’ 
Cadrington Coleby, Senior Engineer (Marine N&C Andros Ops) WSC
Physical disturbance may cause salt water to invade areas that were previously fresh through 
the construction of marinas, canals, and waterways which are connected to the sea or 
excavations below the water table (WSC The Bahamas, 1996).
Specific incidents or local sources of pollution such as oil spills regularly contaminate 
groundwater sources. Pictures 3.21 and 3.22 are observations made from groundwater 
supplying the Radisson Hotel which manages its own reverse osmosis plant. The petrol 
storage tank that supplies fuel for the water supply pumps has leaked ever since it was 
originally constructed and has contaminated the groundwater.
Picture 3.21 & 3.22:
Contaminated 
groundwater from leaking 
petroleum storage tank at 
the Radisson Hotel, New 
Providence. Abstraction 
from the hotel’s water
supply is approximately 20 
feet from the holes seen 
here.
Interviews reveal that oil and petrol spills are a relatively frequent occurrence. Engineers 
from the WSC have commented on this being a particular problem.
‘Well fields near Windsor Airfield have become contaminated because o f leaking fuel 
storage tanks and spills from diesel water pumps. ’ John Bowleg, Engineer/Hydrologist 
WSC
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Solid waste disposal is also a threat to groundwater on the island. Pollution occurs as a result 
of leachates from landfills, sludge disposal, and illegal dumping (WSC Bahamas, 2003). 
Squatters living on well fields also cause significant pollution problems and some fields have 
had to be abandoned.
‘There are squatters living on the well fields. There used to be fencing to prevent this but 
the fencing, as well as a lot o f the water pumps have been stolen and there are not 
sufficient funds to have them replaced. ’ John Bowleg, Engineer/Hydrologist WSC
Pollution from disposal or drainage wells which have been badly constructed, wrongly sited 
or drilled to the wrong depth are another problem in the coral island environment. Inadequate 
treatment of waste before disposal down wells contributes to this problem. The threat is from 
bad design, bad construction or bad operation (US Army Corp of Engineers, 2004).
Pollution from sceptic tanks, cesspits and latrines which have been badly constructed, built in 
the wrong place (i.e. below the water table), not emptied often enough, or not equipped with 
an accompanying disposal well are a significant threat to freshwater resources. This has been 
expressed as a specific concern by the Environmental Health Department. Anthony Ryan, a 
senior lab technician commented that;
‘There are many septic tanks and soak away pits in The Bahamas which are a cause for  
serious concern, especially fo r residents that utilise private wells and are not connected 
to the public supply. Only 10% of New Providence is served by a central sewerage 
system. This is fast growing but there are still many residents subject to health risks until 
the sewerage system is more developed.’ Anthony Ryan, Senior Lab Technologist,
DEHS
Abstraction wells (mostly private wells) which have been badly constructed wrongly sited or 
drilled to the wrong depth are also a particular problem. In New Providence 50% of the water 
supply is from private wells which often have poor water quality. These private wells are 
unregulated and it is estimated that there are approximately 30,000 of them (US Army Corp of 
Engineers, 2004).
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Pollution over wide areas from the use of fertilizers, chemicals or manures in agricultures and 
on golf courses can diffuse into fresh water sources. The disposal of organic wastes and use 
of fertilizers, herbicides, and pesticides, in addition to waste or spilled petroleum products and 
discharges from industrial and food processing operations, can impact on water quality and 
are a cause of concern. Contaminated water from these sources drains directly to the water 
table as storm water runoff. (UNDESA, 2007b)
Storm surges cause seawater to flood low lying coastal land or forces seawater into coastal 
aquifers. Flooded well fields can be badly affected for a considerable period of time, as 
illustrated by comments made by engineers at the WSC.
‘After the storm surge associated with Hurricane Frances, chlorides in all trenches 
increased dramatically. The present chloride range is 1,300 to 15,000-mg/L chloride for  
trenches in the North Andros Wellfield’ (Bowleg J, 2004)
‘The trench system in Abaco was not designed to be closed because there hasn 7 been a 
storm surge since the 1920s. It is now partially contaminated with salt water form a 
storm surge in 2004. ’ Cadrington Coleby, Senior Engineer (Marine N&C Andros Ops)
WSC
Bush fires have also been known to cause occasional difficulties, commented on by the Water 
Supply Manager responsible for Eleuthera Island.
‘The well fields have been damaged due to bush fires that were raging out o f control. 
(Johnson G, 2005), Water Supply Manager, WSC Eleuthera, 2005
Figure 3.17 summarises the challenges experienced in managing catchments and water 
resources in The Bahamas. Problems arise from over-abstraction and pollution from man- 
made activities and the natural climatic conditions of the island.
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Over-abstraction leading to saline intrusion
Point-source pollution of the groundwater such as leaking petroleum storage tanks
Physical disturbance of the freshwater lens leading to saline intrusion
Pollution form inappropriate solid waste disposal
Badly constructed waste disposal wells
Badly constructed and maintained septic tanks
Private abstraction wells destroying the vulnerable freshwater lens
Pollution from surface run-off from farms and other industries.
Storm surge flooding fresh water lens with sea water 
Bush fires destroying well field.
Figure 3.17: Summary o f  Catchment Challenges for The Bahamas
3.4.3 Treatment Challenges
There are a number of water supply types in the Bahamas as discussed previously and 
residents tend to use a combination of rainwater, private well, public water and bottled water. 
Challenges for the public water supply have been fairly well documented; however there is 
little available documented evidence for private water supplies on the island. The WSC or 
public water supply is the main drinking-water supplier for the Bahamas. Due to the fragile 
nature of the fresh water resources as described in the section above and the geographical 
nature of the islands there are many challenges in the provision of a safe drinking-water 
supply and interviews revealed that water quality and quantity are problematic particularly on 
Harbour Island and Eleuthera, part of the outer island chain:
Water quality for harbour Island (supplied from Eleuthera) is very bad quality with high 
salinity, bacterial contamination and no chlorine residual. ’ Gregory Johnson, Manager 
WSC Eleuthera
‘Water quality regularly fluctuates for the water supply in Harbour Island fo r a number 
of reasons -  the gas chlorinator regularly breaks down, at least once per month and has 
to be adjusted manually. During the dry season, salinity increases and during and after 
rainfall there is often a reduction in bacterial quality. ’ Gregory Johnson, Manager WSC 
Eleuthera
‘......  46% of samples failed to reach minimum standards This department if
requesting your urgent attention be given to the quality o f water supplied to Eleuthera via 
your cooperation. We are also requesting an investigation to eliminate the shortage of 
water. ' Extract from letter to Assistant General Manager of WSC - Family Islands Dr 
Richard Cant from Ms Sallyann Chisholm, Director of Environmental Health Services.
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The main challenges specific to the public drinking-water supply have been summarised in a
Feasibility Study carried out by the WSC (WSC The Bahamas, 1996) and include:
-  Logistical problems of serving many small islands individually and there overall distance 
(miles and culture) from the main offices in Nassau.
-  Inadequate financing, although much has been done recently to upgrade existing systems 
and to provide new services, basic day-to-day activities and resources require 
expenditures.
-  Capital costs are high and economic returns are poor except in the most populous areas.
-  Costly alternative supplies to islands with inadequate water resources.
-  Wide dispersion of population.
-  Lack of adequate facilities such as offices, tools, materials and transportation on many 
islands.
-  Inadequately trained personnel resident on the islands.
Orange Hill Beach Inn has its own private water supply and relies predominantly on rainwater 
catchment and a private well that is treated using reverse osmosis and ozonation. Ozonation 
was installed to remove a stagnant smell beginning to develop in the clear water tanks. The 
RO plant was originally run off solar panels but this was found to be unreliable so it is run off 
the main electricity supply (or back-up generator in the event of power failure).
Picture 3.24:
Rainwater collection 
system for Orange 
Hill beach Inn._Public
water is not trusted and 
very saline. It is only 
used by the hotel as a 
last resort.
Picture 3.23: Solar Panels to Power
water Treatment System. These panels 
have all but been abandoned as they do not 
provide a reliable power source. The 
system is currently powered through mains 
electricity and back-up generators.
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Technologies and water treatment advice is provided by Water Makers and a number of 
potential problems were highlighted when the Bahamian sales representative was interviewed: 
‘Water Makers don’t maintain products they sell as it’s not their responsibility. When the 
water treatment technology is installed it is up to the owner to ensure that it works 
properly. ’ Harry D’Oyley, Vice President Water Makers Inc
’Only TDS is monitored to assess water quality when examining equipment unless they 
are asked to test for anything else. ’ Harry D’Oyley, Vice President Water Makers Inc
‘The priority in the Bahamas is to reduce salinity and make the water drinkable. 
Bacteriological quality is of lower priority and not considered much o f a risk because a 
lot of the treatment is RO which removes bacteria.’ Harry D’Oyley, Vice President 
Water Makers Inc
Water quality for privately run supplies is considered to be a big problem (WSC The 
Bahamas, 1996) and it may often be the case that water quality may be unknown. The 
proprietor of Orange Hill Beach Inn mentioned the following in interview:
‘I  think the water is as pure as bottled water but I ’m not sure because it has not been 
tested. ’ Danny Lowe, Proprietor - responsible for all drinking-water related activities for 
the hotel -  Orange Hill Beach Hotel
When asked what training he had received for plumbing installation and maintenance, the 
proprietor’s reply was;
7 watched plumbers and leamt as I  went. ’ Danny Lowe, Proprietor - responsible for 
all drinking-water related activities for the hotel -  Orange Hill Beach Hotel
Operations and maintenance of the treatment system have been developed by:
‘Learning on the job  and using operating instructions.’ Danny Lowe, Proprietor - 
responsible for all drinking-water related activities for the hotel -  Orange Hill Beach 
Hotel
In his absence the proprietor will:
‘ask a friend with a similar system or is ‘practically minded’ to operate the hotel water 
treatment system in his absence. ’ Danny Lowe, Proprietor - responsible for all drinking- 
water related activities for the hotel -  Orange Hill Beach Hotel
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It is clear that although the proprietor is running the treatment system as well as possible, he 
does not have an understating of the risks or ‘know’ the water quality that the system is 
producing. A number of challenges have been identified through interview and described 
above. These include:
-  No duty of care by private water technologies suppliers
-  Insufficient water quality monitoring of private supplies
-  Unskilled personnel operating and maintaining the system for private supplies
-  Lack of operating and maintenance procedures for private supplies
-  Poor understanding of the health risks and the importance of water quality for those 
responsible for private supplies
Further questioning of the proprietor on whether he would use the WSC as a mechanism to 
obtain appropriate water quality advice and assistance resulted in the following comments:
7 don’t want government officials to check my water quality because they are always 
looking for faults regardless o f the actual quality. ’ Danny Lowe, Proprietor - responsible 
for all drinking-water related activities for the hotel -  Orange Hill Beach Hotel
‘Most o f the higher educated people go into the private sector. People working in 
government tend not to be that bright and can be very obstructive because it makes them 
feel pow erful’ Danny Lowe, Proprietor - responsible for all drinking-water related 
activities for the hotel -  Orange Hill Beach Hotel
‘The WSC offer advice and water quality testing fo r s small fee but we don’t trust them to 
give good advice and would rather use private companies. ’ Danny Lowe, Proprietor - 
responsible for all drinking-water related activities for the hotel -  Orange Hill Beach 
Hotel
The relationship between the public and private sector in the Bahamas appears to have the 
following issues:
-  Lack of trust in knowledge of WSC officials
-  Lack of trust in ‘agenda’ of WSC officials
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-  Poor quality, quantity and continuity for all drinking-water supplies 
PUBLIC DRINKING-WATER SUPPLY
-  Inadequate management of drinking-water supplies due to centralised water supplier
-  Limited financial and human resources
-  Poor economies of scale
-  Costly alternative supplies to islands with inadequate water resources.
-  Wide dispersion of population.
-  Lack of adequate facilities such as offices, tools, materials and transportation on many 
islands.
-  Inadequately trained personnel resident on the islands.
PRIVATE DRINKING-WATER SUPPLY
-  No duty of care by private water technologies suppliers
-  Insufficient water quality monitoring of private supplies
-  Unskilled personnel operating and maintaining the system for private supplies
-  Lack of operating and maintenance procedures for private supplies
-  Poor understanding of the health risks and the importance of water quality for those 
responsible for private supplies
-  Lack of trust in knowledge of WSC officials to provide adequate technical support.
-  Lack of trust in ‘agenda’ of WSC officials to assist in ensuring a safe drinking-water supply.
Figure 3.18: Summary o f Treatment Challenges for The Bahamas
Figure 3.18 summarise the challenges identified for drinking-water treatment in The 
Bahamas. As mentioned previously, problems with the public supply have be fairly well 
documented and include aspects of finance, logistics and capacity. The private drinking- 
water supplies are a considerable risk as residents do not have the technical expertise or 
knowledge of the risks to health from their supplies.
3.4.4 Distribution and Consumer Challenges
Distribution of fresh water resources in The Bahamas can be problematic for a number of 
reasons. Demand exceeds supply on New Providence (the capital island) with 10.62 million 
gallons required and only 9.63 million gallons available. There are significant variations 
between islands in water availability per person, depending on the populations of the islands 
and the available resources (W&SC et al., 2003f). The major constraints faced by the 
Government in reaching its objectives in the sector of groundwater resources is the high cost 
of capital development in marginal water resource areas and the need to duplicate facilities 
across 30 inhabited islands (UNDESA, 2007a). As can be seen from Picture 3.25, fresh water 
has to be barged from Andros Island to New Providence to supplement the supply. This in 
itself may be problematic when weather conditions prevent barge access to the island.
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‘There really needs to be two weeks o f  water storage to ensure a continuous supply when 
water ca n ’t be barged from  Andros in bad weather but the reservoir size was never 
increased as dem and increased so there is only about three days w orth .’ Cardington 
Coleby, Senior Engineer (Marine N&C Andros Ops) WSC
Picture 3.25: Barge to carry freshwater
from Andros Island to New Providence.
The freshwater lens in New Providence is 
over-pumped and water supplies need to be 
supplemented through barged water from 
other less populated islands.
Picture 3.26a: Storage
Reservoir for Barged W ater 
from Andros Island: The
reservoir is a popular location for 
seagulls and bird droppings can 
clearly be seen in this picture.
Picture 3.26b: Storage
Reservoir for Barged W ater 
from Andros Island: The
reservoir is often used by stray 
dogs for drinking and swimming. 
Paw prints can be seen here on 
the sides of the reservoir.
Residents that suffer particular poverty are provided with free stand-pipes. It can be seen in 
Pictures 3.27 and 3.28 that stand-pipes are not well maintained. Dr Cant also commented 
that;
‘Free water leads to considerable wastage, particularly in some o f  the outer islands. ’ Dr 
Richard Cant, Assistance General Manager, Family Islands WSC
127
Picture 3.27 & 3.28; Stand-pipe a t Finlayson Street. Nassau. Free water is provided by the WSC
to the poorest communities in the Bahamas. Water quality at this stand-pipe consistently fails to meet 
the minimum standards of the Bahamas (the majority are based on WHO Guidelines) and a sanitary 
survey shows that the plinth is cracked, there is no drainage and waste has collected in the area.
The geographical and geological nature of the islands, in addition to regular adverse weather 
conditions creates a challenging environment to ensure a continuous and safe water supply in 
the distribution network. Picture 3.29 illustrates the main transmission line for Eleuthera and 
Harbour Island which is regularly damaged, cutting off the water supply for residents on the 
northern side of the island.
‘The old 12 ” transmission pipe breaks regularly and that means the central and north
parts o f  the island do n ’t have access during these times. ’ ’pieces o f  the pipe are often
lost in rough weather so the pipe is in a position where it can be easily accessed.’ 
Gregory Johnson, Manager WSC Eleuthera
w
Picture 3.29; Main Transmission Line to 
North Side of Eleauthera Islands and H arbour 
Island. This part of Eleuthera Island is only 
about 10 feet wide and very exposed during poor 
weather conditions. Originally it was buried 
below the surface and then a concrete casing was 
built to protect it but the pipe is damaged so 
regularly that it has been left exposed for easy 
access for repairs when necessary.
128
MATERIAL REDACTED AT REQUEST OF UNIVERSITY
Figure 3.19: Map o f Eleuthera and Harbour Island.
Weather is also problematic in the dry season when there may be more extensive periods of 
water shortage on the Island. Persons were found to be filling private water tanks such that 
the Corporation was unable to build up enough storage to meet the demands of persons 
without tanks. Customers had to be shut off so that adequate pressures could be maintained 
(Johnson G, 2005).
‘People with holding tanks fill up when there is supply depriving others without storage 
tanks from supply. ’ Gregory Johnson, Manager WSC Eleuthera
Irregular power supplies also affect continuity - Power outages also continued during the
month and the 12” main failed once again Added to our troubles was the failure of the
storage tank in the Bogue Well field (Johnson G, 2005) -  as well as a fluctuating population 
due to tourism:
‘There are seasonal peaks when tourists arrive and there are always supply problems 
then. ’ Andrew Johnson, Service Manager, WSC -  Eleuthera
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The main challenges in distributing drinking-water supply in The Bahamas have been 
summarised in Figure 3.20. The most significant challenge is the geographical nature of the 
islands and the logistics and costs of transporting of fresh water to inhabitants. In addition to 
the operational challenges of maintaining the integrity of the network and planning for 
extreme fluctuations in population during the tourist season.
Disparity between location of freshwater resources and population density.
The costs of duplicating distribution networks across multiple islands
Logistics of transferring supply from one island to another and difficulties of transfer
during poor weather.
Insufficient reservoir storage
Difficulty in maintaining integrity of the network (particularly in very exposed parts of 
islands)
Financial constraints preventing adequate distribution and storage facilities 
No evidence of installation and maintenance procedures or hygiene codes.
Insufficient supply in dry season
Fluctuating populations in tourist season when supply cannot meet demand.
Figure 3.20: Summary o f Distribution and Consumer Challenges for The Bahamas
3.5 CHALLENGES TO THE PROVISION OF SAFE DRINKING-WATER FOR 
SMALL ISLANDS
3.5.1 Case-Studies
The three case-studies selected are very different in their physical, political and cultural 
characteristics. Challenges have been identified on all of the islands with regard to the 
institutional framework and from catchment to consumer. The information collected for each 
of the islands was dependent on the existing level of monitoring and recording carried out. 
The same methodology was carried out for each island - interviews, sanitary surveys, 
observations and document review -  however, on some islands such as Guadeloupe sanitary 
surveys were relied on less as there are water quality monitoring records available from a 
wide range of sources. The Bahamas was also quite well documented with regard to water 
resource difficulties. However, none of the islands had documented evidence of a holistic 
assessment of the drinking-water sector, particularly challenges relating to policy and the 
institutional framework.
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3.5.1.1 Institutional Framework Challenges
The case-studies have revealed many challenges in the Institutional Framework for the 
islands. The challenges seem to fall under the categories of policy development, capacity, 
legislation, financial management and decision making, as can be seen in Figure 3.21. Each 
island has a combination of all or some of these challenges. Of the three islands, Guadeloupe 
had the strongest institutional framework.
Policy Legislation
Developm ent
Financial
M anagement
t
i
Institutional
Structure
D ecision Making Institutional
Capacity
Figure 3.21: Institutional Framework Challenges for Small Islands
Relating to policy development there were some gaps that have resulted in vulnerable groups 
that do not have adequate drinking-water supplies in Gaudeloupe. Some difficulties are also 
evident on how to adequately manage catchments in the small island environment. 
Challenges in policy development have been summarized in Figure 3.22 for all the islands.
POLICY DEVELOPMENT
-  Lack of policy development
-  No or unidentified agency for the administration of policies
-  Political interference
-  Inconsistent management and organisational policy of sector
-  Safe drinking-water is a low political priority
-  Vulnerable groups that have not been accounted for and have specific health and therefore 
water quality requirements.
Figure 3.22: Summary o f Polity Development Challenges for Small Islands
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Saint Lucia had very little in the way of policies for any part of drinking-water management 
on the island. None of the stakeholders on the island are aligned in a manner which allows 
them to tackle challenges and there is much distrust between the government, the water 
supplier and consumers. Many of the challenges summarized in Figure 3.22 can be 
recognised in Saint Lucia. The Bahamas also lacks clarity in its policies however work is 
being carried out to resolve this, particularly with regard to water resources which are 
considerably vulnerable on the island.
INSTITUTIONAL STRUCTURE
-  Conflicting, gaps and confusion of roles and responsibilities
-  Sector reform carried out with no holistic assessment of drinking-water sector challenges
and requirements.
-  Lack of guidance for the development of a supporting institutional struture
-  No accountability of stakeholders
-  Lack of institutional support for the drinking-water supplier
-  Confusing and complex inter-departmental structure
-  Governmental agencies that are redundant and do not carry out responsibilities
Figure 3.23; Summary o f Institutional Structure Challenges for Small Islands
The three islands also had very different institutional structures and corresponding challenges 
as can be seen in Figure 3.23. Guadeloupe has an institutional structure that has been 
developed in France over many years. It is well structured and covers the majority of aspects 
of drinking-water management however it does not account for the small island characteristics 
of limited land area for agriculture, industry and habitation, so traditional catchment 
management approaches are not proving to be successful in this type of application.
The Bahamas has a very complex institutional structure with confusion as to what agencies 
are operational and if the relevant roles and responsibilities are being carried out. The 
activities of each agency are unclear and interviews revealed that many agencies seem to be 
redundant. Saint Lucia is almost the exact opposite of this with very little in the way of an 
institutional structure at all. There is very little in the way of governmental support for the 
water supplier and government activities may actually be more of a hindrance than a help at 
this stage. There is also no evidence that reforms in the sector have been successful.
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INSTITUTIONAL CAPACITY
High senior management turnover results in loss of institutional memory and inconsistent 
management strategies and organisation policy.
-  Large staff turnover at an operational level results in staff that constantly need retraining
-  Poor availability of skilled personnel
Figure 3.24: Summary o f Institutional Capacity Challenges for Small Islands
Financial and human resources present difficulties across all of the islands. Figure 3.24 
highlights the lack of available appropriate technical and management skills and the problems 
with high staff turnover. Saint Lucia and The Bahamas particularly experience this problem 
for different reasons. Senior management in Saint Lucia is strongly linked to politics and will 
change with each newly elected party. The private sector in The Bahamas is thriving and well 
skilled and trained staff are enticed away from government agencies by much larger salaries.
LEGISLATION
-  Inconsistencies and gaps in legislation
-  No established practical methods of enforcing legislation
-  Legislation that is not appropriate for islands characteristics of small land area and limited 
human resources
Lack or resources for formulation and enforcement of legislation
Figure 3.25: Summary o f Legislation Challenges for Small Islands
All of the islands have challenging legal arrangements. Even when appropriate legislation has 
been developed there are rarely the resources to enforce it. Suitable legislation to protect 
catchments is a recurring difficulty across all of the islands. Issues arise with land ownership 
in all of the islands and the means of preventing a land use that is hazardous to drinking-water 
safety in a small island environment has not been established in any of these case-studies. 
Although other areas of legislation may also be problematic, catchment and water resources 
protection are the most commented on in interviews across all the islands.
Financial management challenges were also common across all the islands. The poor analysis 
of costs and low economies of scale are regularly cited as difficulties with other problems 
arising from political interference, dissatisfied consumers and some misuse of resources. 
These challenges have been summarized in Figure 3.26.
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FINANCIAL MANAGEMENT
Political Interference in the setting of tariffs
-  Unrealistic expectations by government (and consumers) of the costs of drinking-water 
supply
-  Tariffs that are arbitrarily set with no analysis of costs
-  Poor communities with limited treatment paying the same as wealthier communities with 
extensive treatment works.
-  Unsatisfied customers not paying tariffs
-  Senior management with very high wages
-  Un-metered households and free stand-pipes leading to wastage
-  Tariffs that are too expensive for some residents to afford.
Figure 3.26: Summary o f Financial Management Challenges for Small Islands
Decision making is regularly carried out without any assessment of the challenges on some of 
the islands. This was particularly true in Saint Lucia where there was a significant lack of 
evidence collection and dissemination and where country-wide decisions are made without 
any real analysis of the possible affects of these decisions. Guadeloupe has good decision 
making processes in place in the country-wide institutional structure however the few 
communities analyzed for this island show that there may be some gaps at community level 
illustrating some possible managerial problems. The Bahamas has difficulties with 
dissemination of information and communication within and between departments. Although 
it has not been expressly stated in any of the interviews or documents reviewed this is likely 
to effect decision making as the decision makers will not be fully informed.
DECISIONMAKING
-  Decision making that is carried out arbitrarily with no assessment of characteristics, 
challenges or requirements for drinking-water supply.
-  Lack of documented evidence and reporting strategies.
-  Poor dissemination of information 
Poor communication
Figure 3.27: Summary ofD ecision  Making Challenges for Small Islands
3.5.1.2 Catchment Challenges
Catchment challenges have been established from the case-studies as falling under four 
categories, namely Climate, Land Ownership, Land Use and Operations & Maintenance of 
Infrastructure as detailed in Figure 3.28.
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Climate CATCHMENT
MANAGEMENT
CHALLENGES
Operations & 
M aintenance o f  
Infrastructure
Figure 3.28: Catchment Management Challenges for Small Islands
Catchment management is particularly challenging across all the islands. Rarely were 
catchments and water sources protected on any of the islands with some sort of polluting 
activities being carried out in nearly every catchment visited or reviewed through interview 
and documentation. As mentioned previously, ownership was often problematic such as in 
Saint Lucia where some catchments are located on private land and therefore not always 
accessible for maintenance. In Guadeloupe the catchments are often used for industry and 
farming and it would be inappropriate to restrict all these activities on small islands where 
land is at a premium. The physical characteristics of The Bahamas are such that the 
protection of water resources presents a considerable challenge as they are uncontained and 
vulnerable to threats of contamination resulting from poor weather conditions, agriculture, 
industry and human habitation.
LAND USE
Microbiological contamination from animal and human activity in the catchments 
Chemical contamination from banana cultivation and urban infrastructures
LAND OWNERSHIP
Ownership of catchments causing difficulties with access to intakes and unrestricted 
polluting activities in catchments
OPERATIONS AND MAINTENANCE OF INFRASTRUCTURE 
Limited or no catchment and water resource protection
-  Roof catchments are not hygienically maintained.
Intakes often block due to high silt loading in addition to human and agricultural waste. 
Over-abstraction
CLIMATE
Extremes in availability of water due to climate 
Extremes in quality of raw water due to climate
-  Severe weather contaminating or destroying water resources 
Bush fires destroying well field.
Figure 3.29: Summary o f Catchment Management Challenges for Small Islands
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Management of water resources has also not been planned on the islands, with poor 
availability
during the dry season due to lack of rainfall and the management decision on some islands to 
turn off water supplies during heavy rainfall in the wet season to prevent highly turbid water 
going into distribution. Over-abstraction is also damaging freshwater lenses in the Bahamas. 
Figure 3.29 summarises the main challenges identified for the case-studies.
3.5.1.3 Treatment Challenges
Treatment challenges fall under the categories of Operations, Management, Technology 
Decision making and Standards, Guidelines & Procedures.
Standards, 
Guidelines & 
Procedures
M anagement Operations
t
TREATMENT
CHALLENGES
Technology  
D ecision Making
Figure 3.30: Treatment Challenges for Small Islands
Operational challenges were found in all the case-study communities. Although islands were 
selected on broad ranging characteristics, all of the communities chosen exhibited evidence of 
water quality problems. The raw water quality is highly variable in Saint Lucia and 
Guadeloupe and during the most difficult periods, it is necessary to have multiple stages of 
treatment to reduce turbidity sufficiently for disinfection; or reservoir management to ensure 
that a store of good quality raw water is accessible during periods of heavy rainfall. The 
Bahamas experiences more difficulty with salinity which requires expensive treatment to 
reduce it to palatable levels. The treatment facilities themselves were in disrepair for some of 
the communities, particularly Saint Lucia. Others were poorly maintained which is a problem 
across all of the islands. Treatment operations challenges have been summarised for all the 
islands and can be seen in Figure 3.31.
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OPERATIONS
-  Poor quality, quantity and continuity of supply
-  Poor raw water quality resulting in the need for multiple stages of treatment or reservoir
management
-  Poor construction and installation
-  Operational activities that increase risk of contamination.
-  Water quality monitoring only carried out during periods of ‘good’ raw water quality and
therefore records do not reflect the true water quality provided to the communities.
-  Intermittent supply due to treatment plants are turned off during periods of very poor water 
quality.
-  Over and under chlorination.
-  Untrained operators and misconceptions regarding appropriate dosing of chemicals.
-  Infrastructure vulnerable to extreme weather and natural disasters
Figure 3.31: Summary o f Treatment Operations Challenges for Small Islands
A number of treatment management issues arise in all the islands. Each of the islands has 
some communities with very good quality water and others with very poor water quality and 
availability. Reliance on imports was problematic for all the communities, as availability of 
spare parts and chemicals for treatment can be limited. Poor economies of scale are a 
problem that cropped up repeatedly. Communities can be very dispersed and some have 
small populations, so there is a need to replicate infrastructure which is costly to buy, operate 
and maintain. These dispersed populations present a management challenge, particularly in a 
small island environment where adequately skilled and trained personnel are not readily 
available. Resources are cited as a problem on all the islands, in the form of facilities, 
availability of skilled personnel and finances. Figure 3.32 summarises treatment management 
challenges discovered through the case-studies.
MANAGEMENT
-  Reliance on imports for chemicals and spare parts resulting in often poor availability.
-  Large disparity in good water quality access and availability between communities.
-  Inadequate management of drinking-water supplies due to centralised water supplier
-  Limited financial and human resources
-  Poor economies of scale
-  Costly alternative supplies to islands with inadequate water resources.
-  Wide dispersion of population.
-  Lack of adequate facilities such as offices, tools, materials and transportation on many 
islands.
Figure 3.32: Summary o f Treatment M anagement Challenges for Small Islands
Technology choices on the islands seemed key to the sustainability of treatment. Saint Lucia 
had problems with abandoned technologies. The slow sand filter in Micoud had been
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abandoned due to the bed being regularly clogged from the high silt loading, it is very 
difficult to maintain and there is no access to sand when it needed replacing. The climate and 
geophysical nature of the islands results in highly changeable water quality and availability 
that require treatment solutions are able to produce safe water but that are within the capacity 
of the community to operate and finance. Challenges in decision making for the islands have 
been summarised in Figure 3.33.
DECISIONMAKING
-  Inappropriate technology selection and treatment design from local characteristics
-  Technologies selected that have very demanding operational and maintenance 
requirements resulting in technology abandonment.
-  Lack of reporting and dissemination of information: Operational and line-managers
experiences and knowledge is not harvested by Senior Management or used in decision-
Figure 3.33: Summary o f Technology Decision Making Challenges for Small Islands
Standards, guidelines and procedures were lacking in both and treatment and distribution for 
Saint Lucia and the Bahamas and in some communities in Guadeloupe. Challenges have been 
summarised in Figures 3.34 and 3.39. Operations and maintenance were often carried out on 
an ad-hoc basis and when some sort of treatment or distribution failure occurred. It should be 
noted that due to lack of monitoring this failure may only become apparent when there is 
obvious physical evidence.
STANDARDS, GUIDELINES AND PROCEDURES
-  Lack of procedures in place in case of treatment failure.
-  No operational and maintenance guidelines or procedures to optimise treatment.
-  No inspection procedures to ensure quality of works carried out
Figure 3.34: Summary o f Standards, Guidelines and Procedure in  Treatment Challenges
for Small Islands
3.5.1.5 Distribution Challenges
Much like treatment, distribution challenges fall under the categories of operations, 
management and standards, guidelines and procedures.
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Figure 3.35: Distribution Challenges for Small Islands
The geophysical nature of the islands, particularly the Bahamas results in the distribution 
network being very exposed. Therefore the sanitary conditions are much more important in 
this situation where pollution is easily dispersed into the environment and the network may 
often be submerged by contaminated water. The integrity of the pipes, in addition to 
maintaining a sanitary environment are fundamental to preventing recontamination.
OPERATIONS
-  Badly damaged and leaking distribution network
Poorly installed distribution network resulting in increased susceptibility to damage.
-  Regular periods of negative pressure due to supply being turned off during rainfall.
-  Insufficient or no chlorine residual in distribution
-  Unprotected stand-pipes are in disrepair and exposed to animals that may defecate in close 
proximity.
Figure 3.36: Summary o f Distribution Operational Challenges for Small Islands
Figures 3.36 and 3.37 highlight challenges in the integrity and environmental conditions. 
Saint Lucia also has difficulties in distribution but this is more as a result of pipes being 
exposed on the ground surface and easily damaged.
ENVIRONMENT
-  Pathogens in environment due to poor sanitation facilities and lack waste removal
-  Poor drainage in communities creating transmission pathways to the network
Figure 3.37: Summary o f Environment Challenges for Distribution in  Small Islands
Management of distribution in the small island environment is particularly challenging. The 
Bahamas uses a multitude of costly solutions to overcome this problem, such as barging water
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and using expensive treatment solutions to desalinate seawater. This results in high costs and 
there are many Bahamians who live in very poor conditions and cannot afford such costly 
water supplies. Saint Lucia and Guadeloupe have the different challenges of limited supply in 
the dry season and operators not wishing to put very poor quality water into distribution 
during the wet season. This is a common management strategy across the islands. When 
turbidity is high during and after rainfall, supplies to communities are turned off by operators.
MANAGEMENT
-  Disparity between location of freshwater resources and population density.
-  The costs of duplicating distribution networks across multiple islands
-  Logistics of transferring supply from one island to another and difficulties of transfer 
during poor weather.
-  Insufficient reservoir storage
-  Difficulty in maintaining integrity of the network (particularly in very exposed parts of 
islands)
-  Financial constraints preventing adequate distribution and storage facilities
-  Insufficient supply in dry season
-  Fluctuating populations in tourist season when supply cannot meet demand.
Figure 3.38: Summary o f Distribution Management Challenges for Small Islands
Another challenging aspect of distribution for all the islands is the large fluctuating 
populations due to tourism. During the dry season many tourists visit the islands. This 
coincides with periods of poor water availability due to a lack of rain. All of the islands have 
difficulty in managing such fluctuations. Figure 3.38 summarizes the challenges of managing 
distribution for small islands.
STANDARDS, GUIDELINES AND PROCEDURES
-  No procedures to keep consumers informed in case of an event.
-  No hygiene code of conduct
-  No installation, operations or maintenance guidelines or procedures
-  No inspection procedures to ensure good quality works.
Figure 3.39: Summary o f Standards, Guidelines and Procedure in  Distribution
Challenges for Small Islands
3.5.1.5 Consumer Challenges
Consumer challenges relate to access to a safe supply and how that supply is handled. Figure 
3.40 illustrates the categories that challenges fall under for the islands. Consumers and 
communities that have private supplies, access to public supplies and beliefs, behaviour and 
handling that may cause health hazards.
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Private supply challenges have been summarised in Figure 3.41. These challenges have all 
been identified from The Bahamas where private water supplies are very common. Water is 
available very close to the ground surface and easily accessible to all residents. Many 
inhabitants have therefore chosen to have private water supplies rather than the relatively 
expensive pubic water supply.
Access to Public 
W ater Supplies
t
Beliefs, Behaviour 
and Handling
Private W ater 
Supplies
Figure 3.40: Consumer Challenges for Small Islands
Figure 3.41 shows the type of challenges experienced by residents in The Bahamas. 
Technology is bought from private water technology suppliers without the provision of 
adequate training and aftercare. Users are often not aware of the health risks or their sources 
and transmission routes. Water quality is unknown and there is a lack of trust in the support 
mechanisms provided on the islands.
PRIVATE DRINKING-WATER SUPPLY
-  No duty of care by private water technologies suppliers
-  Insufficient water quality monitoring of private supplies
-  Unskilled personnel operating and maintaining the system for private supplies
-  Lack of operating and maintenance procedures for private supplies
-  Poor understanding of the health risks and the importance of water quality for those 
responsible for private supplies
-  Lack of trust in knowledge of government officials to provide adequate technical support.
-  Lack of trust in ‘agenda’ of government officials to assist in ensuring a safe drinking-water 
supply.
Figure 3.41: Summary o f  Private Drinking-water Supply Challenges for Small Islands
Connections and access present a difficulty across all the islands. Many residents in Saint 
Lucia are unable to afford connection fees to the public supply and there is also a belief that 
water should be free indicating a lack of understanding of the cost of delivering safe drinking- 
water.
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CONNECTIONS AND ACCESS TO PUBLIC SUPPLY
-  Many residents can’t afford connection fee to the public supply
Tap-stands may not be accessible to less able community members (very steep slopes)
-  No plumbing guidelines or procedures in place and pipes are often fitted by unskilled 
community members.
-  Reliance on bottled and tankered water
Figure 3.42: Summary o f Connection and Access Challenges for Small Islands
Residents that are connected often prefer to use alternative and unsafe water sources to reduce 
water costs. The unhygienic handling of water may also be a problem for this island.
In Guadeloupe, the cost of connection is also a problem for some residents and many people 
display a preference for bottled water. The island does not appear to have safe plumbing 
installation and maintenance procedures readily available.
BELIEFS, BEHAVIOUR AND HANDLING 
Use of unsafe water sources to reduce costs
-  Belief that water is a ‘gift from God’ and should be free
-  Unsanitary collection and handling of rainwater.
Figure 3.43: Summary o f Beliefs, Behavior and Handling Challenges for Small Islands
3.5.2 Literature Review and Case-Studies
As discussed in Section 1, it was suspected that there were gaps in the available literature 
regarding the challenges to drinking-water supply and problems such as poor financial 
management, difficulties with operations and that hazardous consumer behaviour were likely 
to exist on small islands. The Caribbean case-studies confirm this view.
Table 3.15a and table 3.15b below show the challenges identified for small islands and where 
the information was sourced from, either the available literature or the case-studies carried out 
for this research. The highlighted areas clearly show where there are gaps in the available 
literature for small islands.
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Table 3.15a: Institutional Framework Challenges for Small Islands
Case-studies Literature
Review
POLICY DEVELOPMENT
Lack of policy development X X
No guidance or methodology to create effective and appropriate policy X
No or unidentified agency for the administration of policies X
Political interference X
Inconsistent management and organisational policy of sector X
Safe drinking-water is a low political priority X
Vulnerable groups that have not been accounted for and have specific 
health and therefore water quality requirements.
X
INSTITUTIONAL STRUCTURE
Conflicting, gaps and confusion of roles and responsibilities X X
Sector reform carried out with no holistic assessment of drinking-water 
sector challenges and requirements.
X
Lack of guidance for the development of a supporting institutional 
structure
X X
No accountability of stakeholders X
Lack of institutional support for the drinking-water supplier X
Confusing and complex inter-departmental structure X
Governmental agencies that are redundant and do not carry out 
responsibilities
X
LEGISLATION
Inconsistencies and gaps in legislation X X
No established practical methods of enforcing legislation X
Legislation that is not appropriate for islands characteristics of small land 
area and limited human resources
X
Lack or resources for formulation and enforcement of legislation X X
Table 3.15a and b shows ail the policy and institutional framework challenges discovered, 
there are some gaps in the available literature here but they are in the detail rather than in any 
specific area. It is interesting to note that policy and institutional framework challenges are 
historically well documented and yet to date still make up a large proportion of the overall 
challenges to drinking-water management for small islands.
Table 3.15b: Institutional Framework Challenges for Small Islands Cont’d
Case-studies Literature
Review
INSTITUTIONAL CAPACITY
Poor government capacity X
Small bureaucracies and poor availability creating a need for overlapping 
roles and responsibilities
X
High senior management turnover results in loss of institutional memory 
and inconsistent management strategies and organisation policy.
X
Large staff turnover at an operational level results in staff that constantly 
need retraining
X
Poor availability of skilled personnel X X
Cultural conditions where recruitment is based on tribal allegiance rather X
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than skill and competence
FINANCIAL MANAGEMENT
Political Interference in the setting of tariffs X
Unrealistic expectations by government (and consumers) of the costs of 
drinking-water supply
X
Tariffs that are arbitrarily set with no analysis of costs X
Poor communities with limited treatment paying the same as wealthier 
communities with extensive treatment works.
X
Unsatisfied customers not paying tariffs X
Senior management with very high wages X
Un-metered households and free stand-pipes leading to wastage X
Tariffs that are too expensive for some residents to afford. X
Misuse of financial resources X
DECISION MAKING
Decision making that is carried out arbitrarily with no assessment of 
characteristics, challenges or requirements for drinking-water supply.
X X
Lack of documented evidence and reporting strategies. X X
Poor dissemination of information X X
Poor communication X X
No consensus of opinion between stakeholders X
Cultural conditions creating a lack of willingness to share information X
Table 3.16 shows catchment challenges. The case-studies give more detailed evidence of the 
challenges experienced, such as difficulties with location of freshwater resources and seasonal 
variations. Interestingly, catchment challenges are not reported in depth for communities in 
the literature.
Table 3.16: Catchment Management Challenges for Small Islands
Case-studies Literature
Review
LAND USE
Microbiological contamination from animal and human activity in the 
catchments
X X
Chemical contamination from banana cultivation and urban infrastructures X X
LAND OWNERSHIP
Ownership of catchments causing difficulties with access to intakes and 
unrestricted polluting activities in catchments
X X
OPERATIONS AND MAINTENANCE OF INFRASTRUCTURE
Limited or no catchment and water resource protection X
Roof catchments are not hygienically maintained. X
Intakes often block due to high silt loading in addition to human and 
agricultural waste.
X
Over-abstraction X X
CLIMATE
Extremes in availability of water due to climate X X
Extremes in quality of raw water due to climate X X
Severe weather contaminating or destroying water resources X
Bush fires destroying well field. X
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Table 3.17 and 3.18 shows the challenges for treatment and distribution which have been 
previously under-reported. Standard operational difficulties for small islands are common 
based on the evidence of the case-studies and the literature corroborates that planning and 
decisions are often carried out on little evidence.
Table 3.17: Treatment Challenges for Small Islands
Case-studies Literature
Review
OPERATIONS
Poor quality, quantity and continuity of supply X
Poor raw water quality resulting in the need for multiple stages of treatment 
or reservoir management
X
Poor construction and installation X
Operational activities that increase risk of contamination. X
Water quality monitoring only carried out during periods of ‘good’ raw 
water quality and therefore records do not reflect the true water quality 
provided to the communities.
X
Intermittent supply due to treatment plants are turned off during periods of 
very poor water quality.
X
Over and under chlorination. X
Untrained operators and misconceptions regarding appropriate dosing of 
chemicals.
X
Infrastructure vulnerable to extreme weather and natural disasters X X
MANAGEMENT
Reliance on imports for chemicals and spare parts resulting in often poor 
availability.
X
Large disparity in good water quality access and availability between 
communities.
X
Inadequate management of drinking-water supplies due to centralised water 
supplier
X
Limited financial and human resources X
Poor economies of scale X
Costly alternative supplies to islands with inadequate water resources. X
Wide dispersion of population. X
Lack of adequate facilities such as offices, tools, materials and 
transportation on many islands.
X
Inadequately trained personnel resident on the islands. X
Human resources vulnerable to extreme weather and natural disasters X
DECISION MAKING
Non evidence based decision making and planning X
Inappropriate technology selection and treatment design from local 
characteristics
X X
Technologies selected that have very demanding operational and 
maintenance requirements resulting in technology abandonment.
X
Lack of reporting and dissemination of information: Operational and line- 
managers experiences and knowledge is not harvested by Senior 
Management or used in decision-making.
X X
STANDARDS, GUIDELINES AND PROCEDURES
Lack of procedures in place in case of treatment failure. X
No operational and maintenance guidelines or procedures to optimise 
treatment.
X
No inspection procedures to ensure quality of works carried out X
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Interestingly there is little detailed information regarding the challenges of treatment and 
distribution in the literature for small islands. Table 3.17 and 3.18 show clearly the 
challenges highlighted by the case-studies that have not previously been recorded in the 
literature.
Table 3.18: Distribution Challenges for Small Islands
Case-studies Literature
Review
OPERATIONS
Badly damaged and leaking distribution network X
Poorly installed distribution network resulting in increased susceptibility to 
damage.
X
Regular periods of negative pressure due to supply being turned off during 
rainfall.
X
Insufficient or no chlorine residual in distribution X
Unprotected stand-pipes are in disrepair and exposed to animals that may 
defecate in elose proximity.
X
ENVIRONMENT
Pathogens in environment due to poor sanitation facilities and lack waste 
removal
X
Poor drainage in communities creating transmission pathways to the network X
MANAGEMENT
Disparity between location of freshwater resources and population density. X
The costs of duplicating distribution networks across multiple islands X
Logistics of transferring supply from one island to another and difficulties of 
transfer during poor weather.
X
Insufficient reservoir storage X
Difficulty in maintaining integrity of the network (particularly in very 
exposed parts of islands)
X
Financial constraints preventing adequate distribution and storage facilities X
Insufficient supply in dry season X
Fluctuating populations in tourist season when supply cannot meet demand. X
STANDARDS, GUIDELINES AND PROCEDURES
No procedures to keep consumers informed in case of an event. X
No hygiene code of conduct X
No installation, operations or maintenance guidelines or procedures X
No inspection procedures to ensure good quality works X
Table 3.19 shows the consumer challenges which the case-studies have identified and covers 
aspects of behaviour, awareness and poor management and the challenges of managing 
private water supplies for small islands. Very little information has previously been recorded 
on consumer difficulties in the small island environment.
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Table 3.19: Consumer Challenges for Small Islands
Case-studies Literature
Review
PRIVATE DRINKING-WATER SUPPLY
No duty of care by private water technologies suppliers X
Insufficient water quality monitoring of private supplies X
Unskilled personnel operating and maintaining the system for private supplies X
Lack of operating and maintenance procedures for private supplies X
Poor understanding of the health risks and the importance of water quality for 
those responsible for private supplies
X
Lack of trust in knowledge of government officials to provide adequate technical 
support.
X
Lack of trust in ‘agenda’ of government officials to assist in ensuring a safe 
drinking-water supply.
X
CONNECTIONS AND ACCESS TO PUBLIC SUPPLY
Many residents can’t afford connection fee to the public supply X
Tap-stands may not be accessible to less able community members (very steep 
slopes)
X
No plumbing guidelines or procedures in place and pipes are often fitted by 
unskilled community members.
X
Reliance on bottled and tankered water X
BELIEFS, BEHAVIOUR AND HANDLING
Use of unsafe water sources to reduce costs X
Belief that water is a ‘gift from God’ and should be free X
Unsanitary collection and handling of rainwater. X
Consumer management and awareness strategies that have not been planned 
base on evidence of community characteristics and needs
X
Looking at Tables 3.15a to 3.19, there are many gaps in the available literature and the case- 
studies carried out here have contributed to knowledge of challenges experienced by small 
islands.
3.6 CONCLUSION
The case-studies have revealed that there are many challenges to drinking-water safety for 
small islands that has not been previously recorded in the available literature. Saint Lucia, 
Guadeloupe and The Bahamas have many challenges that cover aspects o f Institutional 
Framework, Catchment Management, Treatment, Distribution and Consumer.
There were considerable Institutional Framework challenges for Saint Lucia and The 
Bahamas in areas such as policy development, institutional structure and capacity, legislation, 
financial management and decision making. Guadeloupe had a mature institutional 
framework however there were still some challenges here that related to inappropriate 
legislation for the small island environment.
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All three islands had difficulties with catchment management, in particular land ownership 
and land use. Practically preventing polluting land use activities in catchments when 
available land is extremely restricted is a challenge that none of the islands have overcome.
Treatment and distribution challenges cover aspects of operations, management, standards, 
guidelines and procedures. The availability of spare parts was regularly cited as a problem, as 
were inappropriate technology selections and the challenging nature of the small islands 
environment with large changes in water availability and quality as well as regularly 
fluctuating population numbers.
Consumer challenges varied across the islands. The Bahamas, which have easily available 
groundwater resources, experience difficulty with many residents having private and unsafe 
supplies. Challenges for Saint Lucia and Guadeloupe included connecting inhabitants to the 
public supply at an affordable rate, as well as little evidence of good plumbing practices. 
Saint Lucia particularly had problems in the beliefs, behaviour and handling of water by 
residents.
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4.0 ANALYSIS OF THE WHO FRAMEWORK FOR SAFE DRINKING-WATER IN
THE SMALL ISLAND ENVIRONMENT
4.1 INTRODUCTION
The WHO Framework for Safe Drinking-water has been developed based on best available 
evidence and scientific consensus. This has been discussed in depth in Section 1 and much of 
the purpose or ‘strengths’ of each part of the Framework were analysed. However, there has 
been no reporting on the weaknesses of the framework as its application is not widespread. 
Some of the tools in the Framework have been used here for the simple purpose of examining 
any difficulty in their application. This is not to say a water safety plan has been carried out, 
rather the evidence and methodologies provided to calculate the burden of disease and risk 
assessments were used to identify any potential weaknesses in these methodologies.
As yet there has also been very little work carried out on the challenges specific to small 
islands and particularly the application of the WHO Framework in a small island 
environment. A SWOT (Strengths-Weaknesses-Opportunities-Threats) analysis has been 
carried out to establish the potential of the WHO Framework to improve drinking-water safety 
in a small island environment and potential threats to this improvement.
The Reykjavik Principles are the result of an expert focus group on the additional 
requirements of the WHO Framework for the on-going, sustainable supply of safe drinking- 
water to small communities. They have been used as to examine and in some cases verify the 
opportunities and threats to the success of the WHO Framework in a small island 
environment.
4.2 A CRITICAL ANALYSIS OF TOOLS USED TO MEASURE RISK AND BURDEN 
OF DISEASE IN THE WHO FRAMEWORK
Section 1 of this thesis has documented the strengths or purpose of the Water Safety Plan 
approach and Health Based Targets. In order to carry out a SWOT analysis of the WHO 
Framework in a small island environment, it is necessary to examine some of the weaknesses 
in the approach. With this in mind one of the community case-studies has been used to apply 
the tools that have been provided in the guidelines and supporting documentation. It should
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be noted that tools here have been used to establish existing risk and burden of disease and 
that without assembling a Water Safety Plan Team it is not possible to develop a feasible plan 
to improve water safety. Accordingly no attempt has been made to develop control measures 
or health targets. It is plausible that an expert consultant would be asked to assist in the 
development of risk assessments and measuring burden of disease and that personal 
interpretation of the Guidelines would result in a multitude of solutions. In this example the 
author of this thesis would be the expert consultant and in using the tools made available in 
the Guidelines will describe the limitations discovered when utilising the approach.
The information and data for Micoud in Saint Lucia was analysed using the Water Safety Plan 
risk assessment approach (Davison A et al., 2003;McKie A et al., 2006b;WHO, 2004) and 
burden of disease was also estimated using Quantitative Microbial Risk Assessment (QMRA) 
and calculations of Disability adjusted Life Years (DALYs) (Black R et al., 1988;McKie A et 
al., 2006a;WHO, 2004). Micoud has multiple stages of treatment and many challenges to 
drinking-water safety from catchment to consumer as established in Section 3. This was 
considered a good combination to rigorously test the WSP and HBT approach as it is laid out 
in the guidelines.
The methodology and results can be seen in published conference papers (McKie A et al., 
2006a;McKie A et al., 2006b) in Appendix 6 and 7. It should be noted that the methodology 
and some o f the results o f these papers have been used to carry out a SWOT analysis o f the 
WHO Framework and are not recommendations for a methodology for Water Safety Plans 
and Health Based Targets in a Small Island Environment.
4.2.1 Weaknesses of Water Safety Plans - Hazard and Risk Assessment
Hazard identification was based on a thorough understanding of the sources and transmission 
of microbiological and chemical contamination (Carr R, 2001;Davison A et al., 2003;de Beir 
L et al., 2003;Deere et al., 2001;Fawell J, 2003;Fewtrell L et al., 2005;Heijnen H et al., 
2003;Metge S et al., 2003;Regli S et al., 1991;Rose J et al., 1991;Stevens M et al., 
1995;Stevens M, 2003) and holistic assessment of the specific water supply from catchment 
to consumer to identify potential sources of hazards and possible transmission routes and the 
underlying causes. Risk was then assessed using a consequence/probability matrix and a 
significance scale. The consequence/probability matrix was developed based on severity that
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was considered appropriate for the study. Risk Categories have been chosen based on the 
level of intervention required of each risk rating (AS/NZS, 1999;Davison A et al., 2003). See 
Appendix 5 for risk matrix and results for Micoud.
WEAKNESS 1
It immediately became apparent at this stage that a subjective judgement would have to 
be made about what is considered a major risk. There is a necessary inter-linking of 
severity ranking to likelihood which in turn is linked to intervention requirements. 
HOWEVER although the severity ranking and likelihood scale appear fairly sensible on 
first glance when the matrix is applied to Micoud, 33 out of 35 possible hazards result in 
being Very High or High risk. This ranking requires ‘immediate management 
intervention’ or ‘management attention’ which is not practical. The choice is to then 
reduce the severity of the risk in order to prioritise risk and make intervention more 
manageable. For example, a small population suffering a life-long disability could be 
reduced to a moderate instead of high risk. In this context this may be sensible in terms 
of utilising the tool for management decisions but may be unacceptable to many in terms 
of ethics.
WEAKNESS 2
Examining the results, 26 of the hazards for Micoud were Very High risk and required 
‘immediate management attention’. If we take a look at the hazards for the catchments, 
it is possible to further rank the Very High hazards into quantity, microbial and chemical 
hazards which would provide some further guidance as to priorities for management 
intervention.
Intervention for treatment hazards however tend to be more dependent on the ability of 
management to intervene. For example, it may be relatively easy to improve hygiene 
standards but installing a back-up generator requires financing and up-grading treatment 
requires finance, training and access to spare parts etc. It would seem that a management 
intervention scale based on risk alone is impractical and therefore it may be necessary to 
provide further management decision and prioritisation tools.
4.2.2 Weaknesses of Health Based Targets
4.2.2.1 Quantitative Microbial Risk Assessment
Sources of hazards and transmission routes were established as part of the risk assessment 
described above. The system assessment was evaluated using published data on likely 
pathogen exposure (Byappanahalli M and Fujioka R, 1998;Carr R, 2001;Curriero F et al., 
2001;Deere D, 2003;Dufour A et al., 2003;Eyles R et al., 2003;Medema G et al., 2003;van
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Dorsal D and Geldreich E, 1971) and reduction with water treatment (LeChevallier M et ah, 
1981;LeChevallier M and Au K, 2004;WHO, 2004) to give preliminary quantification of risk 
from waterborne pathogen exposure and estimates used to assess the operational performance 
of the water supply system.
WEAKNESS 3
Difficulty arose in decision-making as to the efficiency of the particular treatment stage 
and therefore estimating pathogen reduction between the base-line and maximum 
removal range as given in the guidelines (WHO, 2004). A number of variables affect 
the efficiency of treatment processes (AWWA, 1990;AWWA, 1999;LeChevallier M et 
al., 1981 ;LeChevallier M and Au K, 2004) and no studies were found as to the 
importance of each of the variables for a particular treatment type.
To overcome weakness 3 for the purposes of carrying out the SWOT analysis and so that a 
result could be obtained with which to carry on with the QMRA method, it was decided that 
equal weighting would be given to each of the variables. The pathogen removal range was 
equally divided to account for each of these variables and reduced accordingly with the 
number of factors that may inhibit efficiency.
WEAKNESS 4
Efficiency of chemical use was also very difficult to assess without conducting 
laboratory experiments and in the absence of scientific data so very crude estimates had 
to be used.
The relationship between disinfection efficiency and turbidity was also problematic, it was 
most difficult to accurately establish with the available scientific data. High turbidity can 
exert high chlorine demand and protect pathogens from the effects of disinfectant. Increased 
resistance to disinfection may result from an attachment or association of micro-organisms to 
various particulate surfaces (LeChavallier and Au, 2004), including particles that cause 
turbidity (LeChavallier et a l, 1981) (Ridgway and Olson, 1982). In the absence of water 
quality data for turbidity a crude sliding scale based on available evidence of disinfection 
efficiency was used to estimate disinfection efficiency.
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WEAKNESS 5
Lack of quantitative scientific evidence of likely pathogen concentrations in the 
distribution system prevents pathogen exposure via the distribution system from being 
included in the QMRA.
Prevention of recontamination in the distribution system is recognised as an important aspect 
of drinking-water safety (Payment P and Robertson W, 2004). Up to 37% of waterborne 
disease outbreaks were attributable to contamination in the distribution network (Craun GF, 
1986;Craun GF and Calderon RL, 1999;Hunter P, 1997;Stenstrom T, 1994) however there is 
no scientific basis with which to estimate recontamination at this time.
Many variables may result in different levels of pathogen concentrations being introduced in 
distribution and plumbing. Networks may be vulnerable to intrusion due to poor design, 
insufficient maintenance and negative pressures (Bartram J et al., 2003;Davison A et al., 
2003;Godfrey S and Howard G, 2005;Kirmeyer G et al., 2001;LeChevallier M and Au K, 
2004;LeChevallier M et al, 1999;Lei J and Suenung S, 1998;Payment P, 1999)and may 
harbour micro-organisms through lack of appropriate treatment (Bartram J et al., 
2003;Payment P, 1999;Payment P and Robertson W, 2004;Servais P et al., 1995). However if 
there are no pathogens in the environment and no transmission routes there is a lower risk 
from vulnerable networks (Godfrey S and Howard G, 2005;Payment P and Hunter P, 
2001;Payment P and Robertson W, 2004).
WEAKNESS 6
Lack of quantitative scientific evidence of likely pathogen concentrations in household 
plumbing prevents pathogen exposure via this source from being included in the 
QMRA.
WEAKNESS 7
Lack of quantitative scientific evidence of likely pathogen concentrations from 
consumer handling prevent likely pathogen exposure from handling being included in 
the QMRA.
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Pathogen exposure due to handling was also very difficult to estimate with existing available 
data. Evidence of the impact of hygiene intervention programs shows that diarrhoeal disease 
can be reduced by up to 28% for non-specific interventions and 44% for hand-washing with 
soap (Fewtrell L et al., 2005) however it is likely that pathogens in this scenario would be 
from many sources and it is not possible to quantitatively estimate reduction in exposure from 
drinking-water handling.
4.2.2.2 Disability Adjusted Life Years (DALYs)
The simplified QMRA was based on Cam pylobacter (Westrell T, 2004) as the reference 
pathogen which has been used extensively in previous DALYs assessments (Black R et al., 
1988;Havelaar A and Melse J, 2003;Medema et al., 1996) providing data of C am pylobacter 
exposure and infectivity. Cam pylobacter is a wide-spread important bacterial agent (Furtado 
C et al., 2007;Stenstrom T, 1994) and outbreaks have been cited for multiple reasons 
throughout a drinking-water system (Furtado C et al., 2007;Jones K, 2001;Levesque B et al., 
2000;MICRORISK, 2006;Park S, 2002) and in the absence of microbiological studies carried 
out in the case study locations to assess pathogen exposure, it was assumed that 
Cam pylobacter would exist in the environment from faecal sources (MICRORISK, 2006). 
The Beta-Poisson model was used to assess the dose-response relationship of Cam pylobacter 
and to recognise that the communities may be frequently exposed to multiple sources of the 
pathogen; a risk of infection leading to illness has been reduced to 10%. For a healthy 
population in North America (Black R et a l ,  1988) the risk of illness resulting from infection 
with Cam pylobacter was 22%. The level of exposure to Cam pylobacter in small island 
communities is likely to be much higher, resulting in greater immunity hence the lower risk 
value of 10% has been used.
WEAKNESS 8
Very little guidance is given on which dose-response model is most appropriate for use 
to measure risk of infection. The Beta-Poisson model has been used in this based on 
expert opinion.
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WEAKNESS 9
There is very little scientific evidence of the risk of infection going to illness and no 
research has been carried out in communities with high levels of immunity to illness. 
The risk of infection going illness of 10% that has been used is therefore speculative and 
based on expert opinion rather than scientific fact.
Events where pathogen exposure may be acute will occur more regularly in some supplies 
than others (Deere et al., 2001;von Sperling M and Fattal B, 2001). To reflect this, the 
QMRA was carried out to reflect ‘events’ when pathogen exposure is acute and ‘normal’ 
operating conditions where pathogen exposure remains at the majority of the time. An 
estimation of the length of time for which the community is exposed to acute and normal 
pathogen loads has been estimated in order to more accurately reflect overall pathogen 
exposure to the community.
WEAKNESS 10
Patterns emerge relating to periods of acute pathogen exposure, for example, during and 
after rainfall, however records do not show length of time or how often these occur so 
estimations are very crude.
The results of burden of disease for Micoud based on the methodology used here (McKie A et 
al., 2006a) are 9.5 healthy life years in a population of 100 over one year. However this 
figure is meaningless if it is not put into the context of the overall public health for the 
community.
WEAKNESS 11
There is a significant lack of scientific evidence to measure pathogen exposure from 
other sources such as food and direct contact. It is therefore very difficult to calculate 
exposure from water as part of the overall exposure of the community.
4.2.3 Strengths and Weaknesses of the WHO Framework
Table 4.0 and 4.1 summarises the strengths and weaknesses of water safety plans and health 
based targets as they were applied to the Micoud community in Saint Lucia. The strengths or
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purposes of each of these tools were discussed in depth in Section 1 but in practise there are 
some difficulties that were discovered in their application.
There are gaps in data for water safety plans as a water safety plan team hasn’t been organised 
or control measures implemented in a small island environment. However this work is being 
carried out in parallel to this research elsewhere.
Table 4.0 focuses on the strengths and weaknesses of health based targets. The strengths are 
many, particularly in a country or community that has very little monitoring or mechanisms 
for self-assessment and improvement. These strengths have been discussed in detail in 
Section 1 and include a mechanism for improving understanding of water quality and health 
characteristics which in turn improves decision-making and planning, the balancing of risk 
and policy objectives. This allows for the incremental improvement of water quality and 
therefore health and the verification and validation of management plans.
TABLE 4.0: STRENGTHS AND WEAKNESSES OF HEALTH BASED TARGETS
STRENGTHS
Promotes understanding of community water 
supply characteristics
Informs decision-making and planning for health 
Enables the selection of appropriate operational 
management strategies depending on water 
quality parameters.
Enables the selection of appropriate technologies 
Enables the balancing of public health risks; 
Enables the development public health risk 
policies.
Provides policy objectives of acceptable health 
risk
Encourages the incremental progress in water 
quality and public health formulated to be 
realistic under local operating conditions 
Provides an indictor of success for water quality 
and public health management plans 
A method of verifying and validating operational 
management plans;
Validates preventative and traditional monitoring 
plans.
Further informs decision making and planning
WEAKNESSES
Lack of scientific evidence to estimate pathogen 
removal with various treatment stages 
Lack of scientific evidence to measure 
disinfection efficiency with waters over INTU 
Lack of scientific evidence to measure 
recontamination in distribution or household 
plumbing
Lack of scientific evidence to measure pathogen 
exposure from handling
Little guidance is given as to which is the most
appropriate dose-response model to use
Lack of scientific evidence to measure immunity
in communities with high levels of exposure to
pathogens.
Variations in exposure are difficult to measure 
without sufficient statistical records of related 
environmental events.
Lack of scientific evidence of pathogen exposure 
from food and direct contact make it difficult to 
put public health risk from water into appropriate 
context for a specific community.
Lack of scientific evidence to formulate accurate 
targets.
Lack of scientific evidence to measure success of 
interventions
156
The process of calculating the existing burden of disease for Micoud has revealed challenges 
that may be considered weaknesses. At all stages of the calculations there is little scientific 
evidence to support decision making. Without further research calculations will remain very 
crude. Initially the author attempted to develop a methodology to account for gaps in the data 
as can be seen in the published conference paper ‘Framework for Drinking-water in Saint 
Lucia: Health Based Targets’ (McKie A et al., 2006a) however it was recognised that due to 
lack of scientific data there was little evidence to substantiate existing levels or improvements 
in community health using the QMRA approach.
Table 4.1 examines the strengths and weaknesses of the water safety plan approach. 
Strengths (or purpose) have been discussed in detail in Section 1 and include the 
understanding of water supply characteristics, some identification if institutional structure at a 
local level, prioritisation of health risks, hazard prevention, the development of supporting 
programs for sustainable operations and management and planning for scaling up.
The table illustrates that there are substantial gaps in knowledge regarding the weaknesses of 
the approach. As mentioned previously, there is work being carried out elsewhere to 
implement a water safety plan in a small island environment which may reveal some of these 
weaknesses (SOPAC and WHO, 2008). Use of the risk assessment tool for Micoud has 
established some difficulties found by the author that prioritising management intervention 
strategies cannot be based on health risk alone and additional decision making tools would 
assist in this process. Practicalities such as available capacity and finance cannot be ignored 
in the planning process.
TABLE 4.1: STRENGTHS AND WEAKNESSES OF WATER SAFETY PLANS
STRUCTURE
Water Safety 
Plan Team
-  Identify roles and responsibilities of 
stakeholders operating and managing the 
water supply.
-  Identify gaps, conflict and confusion in 
roles and responsibilities stakeholders 
operating and managing the water supply.
-  Unknown
Risk
Assessment
-  Data and information to collection to 
inform of challenges and characteristics
-  Prioritize risks to drinking-water safety
-  Assess gaps in existing data and
-  Difficult to balance risk matrix between 
an appropriate tool for decision making 
and ethical considerations.
-  Risk alone is not sufficient to prioritize
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information management interventions.
Water Safety 
Plan
Operational
Manual
-  Hazard prevention
-  Monitoring plans to notify of barrier 
failure
-  Assign responsibility of each risk 
management process to appropriate 
stakeholders
-  To record outcomes of processes and 
procedures for evaluation.
-  Unknown
Water Safety 
Plan
Supporting
Program
-  Development of supporting legislation.
-  Provide training
-  Provide management of human resources
-  Asset management
-  Unknown
Water Safety 
Plan Action 
Plan
-  To regularly and continually update 
knowledge community characteristics 
and of hazard prevention strategies.
-  Plan of improvements in drinking-water 
safety
-  To identify resources for improvements
-  To plan for capacity building
-  To scale-up supporting legislation and 
enforcement
-  Unknown
4.2.5 The WHO Framework for Small Community Water Supplies
A focus group held in Reykjavik, Iceland recognised that although there are many 
opportunities for the WHO Framework to improve the safety of small community water 
supplies (small islands fall under this category), there are some fundamental principles that 
need to be accounted for to ensure sustainable and safe drinking-water supplies in these 
environments. These principles, called the Reykjavik Principles, include aspects of policy 
and institutional frameworks, catchments, treatment, distribution and consumer. The results 
of the focus group will be analysed further in section 4.3 below but can be seen as a complete 
set as follows:
1. High level political/policy support is essential in development of national Water Safety 
Frameworks.
2. Water Safety Frameworks should incorporate Water Safety Plans for individual water 
supplies based on local characteristics.
3. Water Safety Frameworks should include key criteria for incremental improvement of 
small water supplies involving community engagement and considering cost, practicality, 
ease of maintenance and repair and effectiveness.
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4. Design of community water supplies should be evidence based and take into account 
levels of available funding. Risk-based prioritization plans should be developed to direct 
allocation of financial resources.
5. Continuous engagement between water and health sectors is essential for ensuring safe 
drinking water for public health protection
6. The underlying ethical principle should be to ensure equal levels of safety for small and 
large supplies.
7. The safety and quality of water must not be overlooked in efforts to increase the rate of 
coverage. However, cost must also be considered or increased coverage will not be 
affordable for the poor.
8. Success and long-term sustainability of small community water supplies should 
incorporate capacity building and human capital development. This needs to be 
undertaken in the appropriate cultural context to establish a demand-driven approach.
9. Responsibilities placed with the community must be backed with appropriate levels of 
financial and technical support, education and training. Community engagement should 
commence at the onset of project planning and continue on a regular basis. 
Responsibilities at a district, regional and state level should be identified.
10. Effective drinking water safety programs are based on the commitment of stakeholders 
(e.g. owners and operators of supplies, surveillance agencies, public health professionals 
and consumers) to collaborate in maintaining the protection of public health. Consumer 
should be fully informed when incidents and emergencies occur.
11. Decisions on appropriate tools and support systems for small community water supplies 
should take account of remoteness and access difficulties.
12. Water Safety Plans for small supplies should consider the potential for influencing 
activities that can contaminate the immediate water source.
4.3 OPPORTUNITIES AND THREATS FOR THE WHO FRAMEWORK IN THE 
SMALL ISLAND ENVIRONMENT
The challenges for the supply and management of safe drinking-water in the small island 
environment have been established in Sections 1 and 3. Section 4.2 analysed the strengths 
and weaknesses of the Framework. In this section the opportunity of the Framework to 
improve drinking-water safety will be assessed together with any threats to this improvement.
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In order to carry out this analysis the strengths of the GDWQ will be summarised in Table 4.2 
in order that comparisons and a gap analysis may be carried out.
Table 4.2: Strengths of the GDWQ W ater Safety Plan and Health Based Target approach as identified 
in the available literature
POLICY DEVELOPMENT
-  Enables the balancing of public health risks;
-  Enables the development public health risk policies.
-  Provides policy objectives of acceptable health risk
-  Encourages the incremental progress in water quality and public health formulated to be realistic under
local operating conditions
-  Provides an indicator of success for water quality and public health management plans
LEGISLATION DEVELOPMENT
-  Development of supporting legislation.
-  THE SCALING-up OF supporting legislation and enforcement
ROLES AND RESPONSIBILITIES
-  Identify roles and responsibilities of stakeholders operating and managing the water supply.
-  Identify gaps, conflict and confusion in roles and responsibilities of stakeholders operating and managing
the water supply.
-  Assign responsibility of each risk management process to appropriate stakeholders
DECISION MAKING
-  Promotes understanding of community water supply characteristics, challenges and risks to drinking-water 
safety
-  Promotes understanding of community health characteristics and risks
-  Informs decision-making and planning for health and water supply management
-  Enables the selection of appropriate operational management strategies depending on water quality
parameters.
-  Enables the selection of appropriate technologies
-  Assess gaps in existing data and information
-  To record outcomes of processes and procedures for evaluation.
-  To regularly and continually update knowledge community characteristics and of hazard prevention 
strategies.
-  Plan of improvements in drinking-water safety
-  To identify resources for improvements
-  To plan for capacity building
MANAGEMENT AND OPERATIONS
-  Hazard prevention
-  Monitoring plans to notify of barrier failure
-  Provide training
-  Provide management of human resources
-  Asset management
-  A method of verifying and validating operational management plans;
-  Validates preventative and traditional monitoring plans.
4.3.1 Institutional Structure Opportunities and Threats
Table 4.3 examines the opportunities and threats established from the challenges in policy 
development discovered for the islands. Policy development or methodologies to establish 
and organise policy is a fundamental part of the WHO Framework. Water Safety Plans 
establish greatest risks and management intervention procedures from catchment to consumer
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based on available evidence and a consensus of opinion. Health Based Targets provide 
further evidence, validation and verification of water safety plans and a scientific basis for 
acceptable health risks and goals, as well as establishing water-related disease in the context 
of overall public health.
The structure of WSPs and HBTs is such that, over time, policies will be developed that 
manage risk and improve health appropriate to the characteristics of the community and 
island. The process of establishing a water safety plan team even has the potential to improve 
or reduce difficulties with political interference, as there will be increased understanding of 
government stakeholders of the challenges experienced by water suppliers and a consensus of 
opinion developed based on available evidence that may help to reduce unrealistic 
government expectations.
TABLE 4.3: POLICY DEVELOPMENT OPPORTUNITIES AND THREATS
OPPORTUNITIES
Lack of policy development No or unidentified agency for the administration of 
policies
No guidance or methodology to create effective and 
appropriate policy
Safe drinking-water is a low political priority
Inconsistent management and organisational policy of 
sector
Political Interference
Vulnerable groups that have not been accounted for 
and have specific health and therefore water quality 
requirements.
Threats may include key areas of drinking-water supply management that are unrepresented 
and there may be a lack of evidence to create effective policies or administer polices that have 
been developed. It may also be the case that drinking-water may be a low political priority 
and there may be poor co-operation among stakeholders. It is possible that a secondary effect 
of policy development using WSPs and HBTs many mitigate these threats but there are no 
tools to directly manage them.
These threats are to some extent supported by Principle 1 of the Reykjavik Principles which 
identifies that political will and support is essential to the success of the WHO Framework. 
Vulnerable groups have also been accounted for in Principle 7 where those that suffer poverty 
must be planned for. At present there is no specific method to counter-act political apathy
161
however the WSP approach and HBTs should identify and plan for marginalised 
communities.
Table 4.4 examines the opportunities and threats relating to institutional structures. There is 
some guidance in the WHO Guidelines as regards to national and local agencies and which 
are the appropriate agencies to implement different aspects of the framework. However 
guidance is minimal and does not account for many of the difficulties discovered for small 
islands. The WHO Framework is designed to improve evidence-based decision making so 
this will certainly assist in the process of sector reform, if such measures are under 
consideration. The process of evidence collection and team decision-making may also 
improve stakeholder accountability.
TABLE 4.4: INSTITUTIONAL STRUCTURE OPPORTUNITIES AND THREATS
OPPORTUMTIES
Sector reform carried out with no holistic assessment 
of drinking-water sector challenges and requirements.
Conflicting, gaps and confusion of roles and 
responsibilities at an institutional level
No accountability of stakeholders Lack of guidance for the development of a supporting 
institutional structure
Lack of institutional support for the drinking-water 
supplier
Confusing and complex inter-departmental structure
Governmental agencies that are redundant and do not 
carry out responsibilities
As mentioned previously, there may be some scope for secondary beneficial affects from the 
process of developing WSPs and HBTs, for example the process of evidence collection, risk 
assessment and the development of appropriate control measures may result in the natural, 
organic improvement of the structure of roles and responsibilities which in turn may provide 
appropriate institutional support for the water supplier and improved organisation of the 
sector. However, the WHO Framework lacks guidance with regard to the development of a 
strong supporting institutional framework. The importance of this will differ between 
communities and between islands. Islands that have limited water availability and poor 
quality will require more complex solutions to provide communities with safe drinking-water.
If this coincides with communities that have limited resources and capacity, a strong 
supporting institutional structure may be vital to the success of delivering safe drinking-water. 
On the other hand, if sufficient quantities and a suitable quality of water is available, this
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reduces the need for complex treatment processes and communities are more likely to be able 
to obtain adequate resources and capacity. In addition, the need for institutional support for 
management and the extent of technical difficulties are logically much reduced.
Table 4.2 shows that the strengths of the GDWQ may improve the challenges with regard to 
roles and responsibilities of stakeholders. However, this is with regard to the development of 
a Water Safety Plan team which is system specific. There is currently no guidance as to 
organising institutional arrangements and roles and responsibilities at a country-wide level. It 
is plausible that the secondary benefits of organising a Water Safety Plan team may improve 
institutional arrangements but it is not guaranteed so difficulties with institutional roles and 
responsibilities have been considered a threat.
Interestingly, many of the Reykjavik Principles refer to institutional structure. Principles 5 
and 10 identify the need for the commitment and collaboration of stakeholders. Part of 
Principle 9 recognises the need to identify responsibilities from local to national level. 
Principles 9 and 11 also identify that appropriate public sector support is essential for the 
sustainability of community water supplies. All three of these factors have been identified as 
challenges for small islands. There is a mechanism through the water safety plan team which 
may improve collaboration and to some extent possibly commitment through stakeholder 
consensus. However there is currently no guidance on identification of responsibilities or 
how to improve public sector support.
TABLE 4.5: LEGISLATION DEVELOPMENT OPPORTUNITIES AND THREATS
OPPORTUNITIES
Inconsistencies and gaps in legislation No established practical methods of enforcing 
legislation
Legislation that is not appropriate for islands 
characteristics of small land area and limited human 
resources
Lack or resources for formulation and enforcement of 
legislation
Table 4.5 examines the opportunities and threats of legislation development. The WSP 
approach will reveal to some extent where legislation is required to support the management 
of drinking-water supplies. It will also assist in the understanding of characteristics in order 
that this may be taken into account in the development of legislation.
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Threats may include the enforcement of legislation which is a difficulty across all the islands 
researched. Traditional methods of enforcement such as imprisonment or fines have not 
proved appropriate or useful in the small island environment where resources and capacity are 
often very low. Challenges such as lack of financial resources and poor availability of skilled 
personnel are often the cause of many drinking-water safety difficulties. Removing or 
reducing either of these resources through fines or imprisonment may only compound the 
problems further.
TABLE 4.6: INSTITUTIONAL CAPACITY OPPORTUNITIES AND THREATS
OPPORTUNITIES
Poor government capacity Small bureaucracies and poor availability creating a 
need for overlapping roles and responsibilities
High senior management turnover results in loss of 
institutional memory and inconsistent management 
strategies and organisation policy.
Large staff turnover at an operational level results in 
staff that constantly need retraining
Poor availability of skilled personnel
Cultural conditions where recruitment is based on 
tribal allegiance rather than skill and competence
In Table 4.6 institutional capacity is considered. The small island environment has many 
capacity challenges and much of these may be a threat to the implementation of the WHO 
Framework. It is a reality that highly skilled professionals are not in abundance on many of 
the islands. Professionals may therefore be given many responsibilities and may not be able 
to adequately carry out a number of them. High staff turnover may also reduce the 
effectiveness of the WHO Framework. Commitment to the approach is essential and the 
constant need for the ‘selling’ of it and training in the methodologies to develop the 
framework is likely to be a hindrance and delay the benefits of implementation.
Recruitment based on tribal allegiance rather than skill may also be a threat to the successful 
development of the WHO Framework. However, this may just result in slower development 
as the same evidence based decision making and development will still be carried out but may 
not be by the most appropriately skilled people.
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These challenges are supported by Principle 8 of the Reykjavik Principles where capacity 
building and human capital development are considered essential to the sustainability of the 
WHO Framework.
TABLE 4.7: FINANCIAL MANAGEMENT OPPORTUNITIES AND THREATS
OPPORTUNITIES
Unrealistic expectations by government (and 
consumers) of the costs of drinking-water supply
Poiiucai interference in the setting of tariffs
Tariffs that are arbitrarily set with no analysis of 
costs
Poor communities with limited treatment paying the 
same as wealthier communities with extensive 
treatment works.
Unsatisfied customers not paying tariffs Senior management with very high wages
Tariffs that are too expensive for some residents to 
afford.
Misuse of financial resources
Un-metered households and free stand-pipes leading 
to wastage
Financial management was very challenging across all the islands used in this research. The 
process of collecting evidence of community characteristics in the WSP approach is likely to 
reveal some of these financial challenges and they may be organically reduced as an island 
deals with other challenges. The involvement of government stakeholders in decision-making 
for the water supply will naturally inform them of costs which may create more realistic 
expectations and therefore enable more appropriately set tariffs. The WSP approach is also an 
opportunity to improve service to customers which should impact on their satisfaction and 
potentially willingness to pay. Marginalised consumers and communities may also be 
accounted for using WSPs and HBTs and appropriate solutions for poorer residents 
developed.
There are some threats to the effectiveness of the WHO Framework discovered in the 
financial management challenges. Political interference has been discussed previously and 
there may be some opportunity for this to be reduced resulting from improved awareness 
through communication, collaboration and consensus with the water safety plan team.
Misuse of financial resources has been cited as a problem and is a potential threat to the 
success of the WHO Framework. High wages and funding that is not used appropriately will 
inhibit progress in other areas. There is the argument that improved transparency will reduce 
the mismanagement of funds however this may depend on how common and widespread the
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problem. If it is common practise amongst all stakeholders it may be unlikely that they will 
‘police’ one another.
In Saint Lucia, there was a large disparity between the service received by communities. This 
is linked with disatisfied customers refusing to pay tariffs. Communities expressed 
dissatisfaction with larger, wealthier towns receiving a much improved service for the same 
tariff and were therefore less willing to pay. In the long-term there is the potential to ensure 
that every community receives the same level of service and drinking-water safety as part of 
the WSP approach but until this time dissatisfied consumers may continue to not pay tariffs 
unless they are appropriately adjusted.
Cost and financial management is recognised in the Reykjavik Principles 3 and 4. 
Improvements must account for affordability and risk based prioritisation plans developed 
through the WSP approach should include financial viability.
TABLE 4.8: DECISION MAKING OPPORTUNITIES AND THREATS
OPPORTUNITIES
Decision making that is carried out arbitrarily with 
no assessment of characteristics, challenges or 
requirements for drinking-water supply.
Cultural conditions creating a lack of willingness to 
share information
Lack of documented evidence and reporting 
strategies.
Poor dissemination of information
Poor communication
No consensus of opinion between stakeholders
Table 4.8 examines opportunities and threats in decision making. The WSP approach has 
been specifically designed to mitigate many of the challenges of decision making, so there are 
large opportunities for improvement in this regard. Appropriate assessment of characteristics, 
prioritisation of risk and therefore management interventions, appropriate reporting 
procedures, communication, collaboration and consensus are all core aspects of the WSP 
approach. In some islands, there is a lack of willingness to share information. There is 
potential for this to be overcome should the benefits be adequately explained and there is 
commitment from stakeholders to try the approach however initially this characteristic may be 
problematic and there is no way to measure how it will affect the overall approach.
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Chart 4.0 is a visual illustration of the opportunities and threats in developing the Institutional 
Framework for Small Islands. It can be seen that there is a very good potential for the 
approach to improve policy development, decision making, financial management and 
legislation development.
There is little guidance on the development of institutional structure and capacity, both of 
which were considerable problems for the small island case-studies researched. The WHO 
Framework in its current form does not take account of these threats, yet an adequate 
institutional structure and capacity may have a detrimental affect on the progress of the WSP 
approach. Particularly as small islands often have the rare combination of requiring complex 
treatment processes to manage very poor water quality, together with a limited availability but 
in addition to extremely limited institutional capacity and resources. Using the data to 
subjectively measure the potential improvements that may be made with application of the 
WHO Framework to small islands, there may be a substantial improvement in the overall 
island country-wide institutional framework. That is to say, in its current format the WHO 
Framework may mitigate a significant number of challenges of the institutional framework.
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4.3.2 Catchment Management Opportunities and Threats
Table 4.9 examines the challenges identified for catchment management in small islands and 
Reykjavik Principle 12 recognises the need to account for catchment protection in the 
management of community water supplies. It can be appreciated that there are many 
opportunities for the WHO Framework to make improvements in this area.
TABLE 4.9: CATCHMENT MANAGEMENT OPPORTUNITIES AND THREATS
II OPPORTUNITIES
II LAND USE I
Microbiological contamination from animal and 
human activity in the catchments
Chemical contamination from banana cultivation and 
urban infrastructures
LAND OWNERSHIP ||
Ownership of catchments causing difficulties with 
access to intakes and unrestricted polluting activities 
in catchments
OPERATIONS AND MAINTENANCE OF INFRASTRUCTURE ||
Limited or no catchment and water resource 
protection
Roof catchments are not hygienically maintained.
Intakes often block due to high silt loading in 
addition to human and agricultural waste.
Over-abstraction
CLIMATE I
Extremes in availability of water due to climate Severe weather contaminating or destroying water 
resources
Extremes in quality of raw water due to climate Bush fires destroying well field.
The WSP approach has been designed to identify and manage the types of challenges seen 
here, such as hazardous land use practices, poor access to intakes and particularly appropriate 
operations, maintenance and procedures. The natural characteristics of the islands are such 
that climate predictably affects availability but also greatly impacts on the quality of water 
available. There is some scope for managing issues associated with water quantity and 
quality however, more severe weather may pose a considerable threat to existing 
infrastructure. It is possible to plan for a disaster but protecting infrastructure from damage 
may be very challenging indeed.
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Chart 4.1 clearly helps to illustrate the opportunities and threats of the WHO Framework to 
improve catchment management. There is 100% opportunity for improvement for land use, 
land ownership and operations and maintenance. Climate can also be accounted for and 
managed however severe weather, though rare, may pose considerable threat to infrastructure. 
Overall there is an 87% proportional opportunity for improvement for catchment management 
in small islands.
4.3.3: Treatment Management Opportunities and Threats
Table 4.10 illustrates that there are considerably more opportunities for improvement with the 
WHO Framework than threats for treatment management. Operations may all be improved 
with the WSP approach with the possible exception of infrastructure vulnerable to severe 
weather. As discussed previously, there large improvements may be made in the decision­
making in addition to management and standards, guidelines and procedures challenges. 
Operational and management of drinking-water supply challenges have been the basis of 
design for the WSP approach which have been discussed in depth in Section 1. Although 
small islands may have unique operational and management difficulties, the process of 
collecting evidence of challenges and the communication, collaboration and consensus 
required to manage these challenges have the opportunity to also be successful in the small 
island environment.
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TABLE 4.10: TREATMENT MANAGEMENT OPPORTUNITIES AND THREATS
OPERATIONS
Poor quality, quantity and continuity of supply Infrastructure vulnerable to extreme weather and 
natural disasters
Poor raw water quality resulting in the need for 
multiple stages of treatment or reservoir management
Poor construction and installation
Operational activities that increase risk of 
contamination.
Water quality monitoring only carried out during 
periods of ‘good’ raw water quality and therefore 
records do not reflect the true water quality provided 
to the communities.
Intermittent supply due to treatment plants are turned 
off during periods of very poor water quality.
Over and under chlorination.
Untrained operators and misconceptions regarding 
appropriate dosing of chemicals.
MANAGEMENT ||
Reliance on imports for chemicals and spare parts 
resulting in often poor availability.
Limited financial and human resources
Large disparity in good water quality access and 
availability between communities.
Lack of adequate facilities such as offices, tools, 
materials and transportation on many islands.
Inadequate management of drinking-water supplies 
due to centralised water supplier
Human resources vulnerable to extreme weather and 
natural disasters
Poor economies of scale
Costly alternative supplies to islands with inadequate 
water resources.
Wide dispersion of population.
Inadequately trained personnel resident on the islands.
DECISION MAKING ||
Non evidence based decision making and planning
Inappropriate technology selection and treatment 
design from local characteristics
Technologies selected that have very demanding 
operational and maintenance requirements resulting in 
technology abandonment.
Lack of reporting and dissemination of information: 
Operational and line-managers experiences and 
knowledge is not harvested by Senior Management or 
used in decision-making.
I I  STANDARDS, GUIDELINES AND PROCEDURES ||
Lack of procedures in place in case of treatment 
failure.
No operational and maintenance guidelines or 
procedures to optimise treatment.
No inspection procedures to ensure quality of works 
carried out
Threats may come in the form of capacity and resources as discussed previously for 
institutional framework challenges. The target of providing a ‘safe’ drinking-water supply i.e. 
one that provides sufficient quantities and that is free from harmful microbial contamination is
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very challenging in a small island environment where complex treatment may be required to 
achieve minimum levels of drinking-water safety in line with the WHO Guidelines. Simple 
treatment and technology solutions may not be adequate in providing safe drinking-water and 
the capacity and resources to sustain more complex technologies may not be within reach of 
the communities or water suppliers. It may therefore, be necessary to have a strong 
institutional framework in order to provide the necessary technical and managerial support.
Many of the Reykjavik Principles refer to requirements for sustainable treatment of small 
supplies. Principle 3 recognises that improvements in small water supplies must account for 
practicality and ease of maintenance and engage the community in decision making. As 
discussed previously, this may be particularly challenging in a small island environment 
where relatively technical treatment solutions may be required to achieve microbialy safe 
drinking-water. Principle 4 recognises the need for evidence based decision-making which 
has been one of the main premises of design behind the WSP approach.
C hart 4.2: The WHO Framework for Safe Drinking-water. Opportunities and Threats
for Treatment Management.
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Principle 6 and 7 refer to the need for equal levels of drinking-water safety between small and 
large supplies which has been identified as a particular problem in the case-studies. Safety 
and quality should also not be overlooked in the effort to increase rate of coverage.
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Chart 4.2 illustrates the opportunities and threats for the WHO Framework to manage the 
drinking-water supply challenges identified for small islands. It can be seen that there is 
considerable opportunity for improvement however there may be some difficulty with severe 
weather as discussed previously, as well as capacity and resources of drinking-water suppliers 
and communities to maintain technologies that adequately provide safe drinking-water. 
Overall there is a 90% proportional opportunitv for improvement in treatment challenges for 
small islands.
4.3.4 Distribution Management Opportunities and Threats
Table 4.11 and Chart 4.3 clearly show that there is an enormous opportunity for improvement 
in the challenges of distribution management across all the islands. Operations, management, 
environmental sanitation and standards, guidelines and procedures can all be greatly improved 
with the WSP approach and have been discussed in depth in Section 1. Financial constraints 
as discussed in Section 4.3.1 may be a possible threat, as distribution in the small island 
environment may also require relatively expensive solutions due to the geological 
characteristics and exposure to severe weather.
TABLE 4.11: DISTRIBUTION MANAGEMENT OPPORTUNITIES AND THREATS
OPERATIONS
Badly damaged and leaking distribution network
Poorly installed distribution network resulting in 
increased susceptibility to damage.
Regular periods of negative pressure due to supply 
being turned off during rainfall.
Insufficient or no chlorine residual in distribution
Unprotected stand-pipes are in disrepair and exposed 
to animals that may defecate in close proximity.
1 ENVIRONMENT
Pathogens in environment due to poor sanitation 
facilities and lack waste removal
Poor drainage in communities creating transmission 
pathways to the network
1 MANAGEMENT
Disparity between location of freshwater resources 
and population density.
Financial constraints preventing adequate distribution 
and storage facilities
The costs of duplicating distribution networks across 
multiple islands
Logistics of transferring supply from one island to 
another and difficulties of transfer during poor
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weather.
Insufficient reservoir storage
Difficulty in maintaining integrity of the network 
(particularly in very exposed parts of islands)
Insufficient supply in dry season
Fluctuating populations in tourist season when supply 
cannot meet demand.
STANDARDS, GUIDELINES AND PROCEDURES
No procedures to keep consumers informed in case of 
an event.
No hygiene code of conduct
No installation, operations or maintenance guidelines 
or procedures
No inspection procedures to ensure good quality 
works
Collating all of the opportunity and threat factors for operations, environment, management, 
standards & guidelines, there is the potential that 97% proportion of these challenges may 
have the opportunity for improvement with implementation of the WHO Framework in 
distribution management.
Chart 4.3: The WHO Framework for Safe Drinking-water. Opportunities and Threats for
Distribution Management.
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4.3.5 Consumer Opportunities and Threats
Table 4.12 shows the challenges identified for the consumer in small islands. Private water 
supplies, particularly in the Bahamas have the potential to be greatly improved with 
implementation of the WSP approach. Many of the challenges here are exactly the reason 
why the WSP approach was originally designed and it is very probably appropriate for private 
supplies that are abundant in environments such as The Bahamas. However there may be 
difficulty in implementing such as strategy if there is poor trust in government officials who 
are likely to be responsible for training and putting the WSP approach into practice.
TABLE 4.12: CONSUMER OPPORTUNITIES AND THREATS
PRIVATE DRINKING-WATER SUPPLY
No duty of care by private water technologies 
suppliers
Lack of trust in knowledge of government officials to 
provide adequate technical support.
Insufficient water quality monitoring of private 
supplies
Lack of trust in ‘agenda’ of government officials to 
assist in ensuring a safe drinking-water supply.
Unskilled personnel operating and maintaining the 
system for private supplies
Lack of operating and maintenance procedures for 
private supplies
Poor understanding of the health risks and the 
importance of water quality for those responsible for 
private supplies
CONNECTIONS AND ACCESS TO PUBLIC SUPPLY
Many residents can’t afford connection fee to the 
public supply
Tap-stands may not be accessible to less able 
community members (very steep slopes)
No plumbing guidelines or procedures in place and 
pipes are often fitted by unskilled community 
members.
Reliance on bottled and tankered water
BELIEFS, BEHAVIOUR AND HANDLING
Unsanitary collection and handling of rainwater. Use of unsafe water sources to reduce costs
Consumer management and awareness strategies that 
have not been planned base on evidence of 
community characteristics and needs
Belief that water is a ‘gift from God’ and should be 
free
Connections and access should be identified through a combination of the WSPs and HBTs. 
Marginalised communities should be accounted for in planning by the water safety plan team 
as discussed previously. As should other access challenges such as tap-stand access and 
household plumbing.
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Beliefs, behaviour and handling may potentially be improved. Health challenges at the 
consumer level will be identified using HBTs and then planned for in the WSP approach. 
There is always the financial challenge and preventing consumers using unsafe water sources 
may prove difficult. This ties in with a lack of awareness regarding the cost of supplying safe 
drinking-water and community beliefs and myths that reduce the willingness to pay.
Interestingly, Reykjavik Principle 2 specifically refers to the need for individual or private 
water supplies to be accounted for in the application of the WHO Framework. Principles 9 
and 10 reiterate the need for community engagement and awareness. This would assist in the 
many challenges identified for connections and access in addition to beliefs, behaviour and 
handling.
Chart 4.4: The WHO Framework for Safe Drinking-water. Opportunités & Threats for
Consumers
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Chart 4.4 illustrates the opportunity for consumer challenges to be improved by the WHO 
Framework. There are some ‘social’ threat regarding trust and beliefs but overall there is a 
79% proportion of overall challenges that there may be opportunity for improvement.
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4.4 DISCUSSION
Analysis has revealed some weaknesses in the tools that have been developed for the WHO 
Framework. There are still significant gaps with regard to weaknesses for both WSPs and 
HBTs, particularly WSPs as there is no published documentation that contains a critical 
analysis of the approach. The QMRA approach as used for the Micoud case-study has 
revealed that, currently, there is little scientific data and evidence with which to produce 
accurate results. There is also little guidance available in deciding the most appropriate 
‘route’ for many of the calculations, for example, why it may be preferable to use the Beta- 
Possion model as opposed to the Exponential model. Whilst the purpose or ‘strengths’ of the 
approach are well documented, the full extent of weaknesses are yet to be revealed. However, 
it should be noted that the guidelines are a rolling revision and as evidence becomes available 
improvements made in the tools and guidance made available.
The opportunities and threats to the success of the WHO Framework in the small island 
environment were examined from the evidence of challenges obtained through literature 
review and case-studies in Section 1 and 3. Chart 4.5 below clearly illustrates that the most 
threat to its success results from a lack of Institutional Framework in the islands.
Chart 4.5: Opportunités and Threats for The WHO Framework for Safe Drinking-water
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Catchment, Treatment, Distribution and to some extent Consumer challenges have been 
accounted for and considered in the design of the WHO Framework, hence there is 
considerable opportunity for improvement in these areas. Examining the guidelines and 
supporting documentation in depth which has been carried out in Section 1 there is little 
guidance describing how to improve Institutional Frameworks.
The Reykjavik Principles support this evidence. Although the principles are broad, they 
support the ‘extra’ requirements of the WHO Framework to ensure ongoing, sustainable 
drinking-water supplies for small supplies. Many of the principles concur with the categories 
of challenges and the resulting opportunities and threats identified in relation to small islands.
TABLE 4.13: RELEVANCE OF THE REYKJAVIK PRINCIPLES TO CHALLENGES OF SMALL 
ISLAND DRINKING-WATER MANAGEMENT
Category of Challenge Reykjavik Principle Category of Challenge Reykjavik Principle
INSTITUTIONAL FRAMEWORK OTHER
Policy Development 1 &7 Catchment 12
Institutional Structure 5, 9, lO&l I Treatment & Distribution 3,4 ,6&7
Legislation Development N.A. Consumer 2, 9 & 10
Institutional Capacity 8
Financial Management 3& 4
Decision Making N.A
Table 4.13 above illustrates the relevance of each principle to the challenges of small island 
dirking-water management. Principles that are applicable to catchment, treatment, 
distribution and consumer have not been explicitly outlined in the WHO Framework and 
particular attention is needed if they are to be applied to small supplies. However the WSP 
approach and HBTs will provide tools with which to tackle these challenges which can be 
clearly seen by the extent of opportunity for improvement in these areas (see Chart 4.5). 
What is lacking from the WHO Framework is guidance and procedures for the development 
of Institutional Frameworks for Small Supplies (or any supplies).
The evidence clearly demonstrates that this lack of Institutional Framework is not only a 
current threat to the safety of drinking-water supplies on small islands, it is also a threat to the 
success of the WHO Framework should it be implemented in the small island environment.
177
The Reykjavik Principles support the need for these extra measures to be taken into account 
when developing Water Safety Frameworks for small supplies (which are inclusive of small 
islands). Interestingly, the principles do not refer to the need for legislation development to 
support small supplies or the process of decision making at a national level, both of which are 
considerable challenges identified across all case-study islands. However it is recognised that 
public sector support is essential.
4.5 CONCLUSION
An in-depth literature review in Section 1 revealed the purpose and ‘strengths’ of the WHO 
Framework. This analytical chapter has revealed that in its current format there are some 
weaknesses in the tools made available to develop the WHO Framework in any environment. 
However there is still considerable work to be carried out in this area and the true strengths and 
weaknesses of the WHO Framework will not be revealed until further work is carried out. It is 
understood that the WHO Guidelines for Drinking-water Quality are a rolling revision and 
weaknesses in the approach accounted for and improvements are to be made with each of these 
revisions.
There are many challenges to drinking-water safety in the small island environment. In this 
section the WHO Framework has been analysed to reveal if there are tools or aspects of the 
Framework with which to manage these challenges. It is recognized both here and by an expert 
focus group that there are essential ‘extra’ requirements in order to ensure on-going, sustainable 
drinking-water supplies to small islands and these have been identified as the Reykjavik 
Principles.
There is considerable opportunity to improve drinking-water safety for small islands from 
catchment to consumer with implementation of the WHO Framework. The Reykjavik 
Principles recognize that some special considerations be required to ensure ongoing, sustainable 
safe drinking-water supplies in this regard however, the WHO Framework, in its current format, 
should incorporate these special requirements.
Substantial challenges identified for small islands result from the existing Institutional 
Frameworks. The need for special consideration in this area is verified by the Reykjavik 
Principles. However the evidence has revealed that there is little guidance or tools available in
178
the WHO Framework with which to develop Institutional Frameworks. The majority of threats 
to the success of the improvements in drinking-water safety that can be gained from 
implementation of the WHO Framework arise from a lack of support in this area. This results 
in a threat to the development of ongoing, sustainable safe drinking-water supply for small 
islands.
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5.0 INSTITUTIONAL FRAMEWORK FOR SAFE DRINKING-WATER FOR SMALL 
ISLANDS 
5.1 INTRODUCTION
Section 4.0 described a SWOT analysis of the WHO Framework which indicated that there is 
considerable opportunity for improvements to be made in drinking-water safety from 
catchment to consumer with its implementation. However, success of the WHO Framework 
may be impeded by the many threats to drinking-water safety as a result of the institutional 
framework challenges on the islands. In this section the roles and responsibilities advocated 
by the WHO and the institutional frameworks of the islands will be examined.
5.2 ANALYSIS OF THE INSTITUTIONAL ROLES AND RESPONSIBILITIES FOR 
SMALL ISLANDS
National Agencies 
Targets, standards, legislation and policy developm ent
Department of Health
Water Resource 
Management Water Quality 
Surveillance
Public Health 
Surveillance
Plumbing Certification
agencies
$
Im plem enting Agencies
Non-governmental
Organisations
Local Environmental 
Health Authorities
Private sector & other 
entities
Drinking-water Supply Organisations
Drinking-water Community Individual
supply agencies M------------- ► Management ^------- ► Consumers
Figure 5 .0 : Roles and responsibilities of drinking-water supply stakeholders. Developed from the 
Guidelines for Drinking-water Quality (WHO, 2004)
Figure 5.0 has been extracted from Section 1 of this thesis where an analysis of the roles and 
responsibilities for the implementation of the WHO Framework was described. An
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examination of the challenges analysed in Section 4, suggests that the there is some threat to the 
success of the WHO Framework as a result of the existing Institutional Frameworks on the 
islands. The roles and responsibilities in figure 5.0 as advocated by the WHO Guidelines do not 
account for these institutional challenges as seen in figure 5.1.
Institutional
Capacity
Institutional
Structure
Institutional Framework
Challenges ►
Legislation
Development
Policy
Development
Figure 5.1: Small Island Institutional Framework Challenges
Financial
Management
Decision
Making
In order to account for these challenges it is suggested that a co-ordinating agency may be 
appropriate in order to tackle challenges specific to institutional frameworks. Figure 5.2 
suggests what the role of this agency could be based on the challenges identified in Section 3.
i j l  I To prftnote coimnumcationr 
‘ ' To develop aoon^sus ofSpinioa
for example, poon availability
 ^ fulfilled and enforceable legislation to responsibihties.^^4 \  r
s r p r i o r i t i s e  and maximise financial r e sources . ^ ;V
^ d i f f i c u l t i e s  with consumers perceptions/ behaviours or lack of trust in dnnking-watei
Figure 5 .2 : Summary of the proposed role of the Central Coordinating Agency for Small Islands
Another difficulty with the WHO suggestion for institutional frameworks may be the small 
bureaucracies experienced on small islands. It is unlikely that small islands will have the
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human or financial resources necessary to divide roles and responsibilities across national and 
implementing agencies. A generic institutional framework for small islands has therefore 
been proposed in Figure 5.3.
Figure 5.3 has an agency for all the groups of challenges identified for small islands and takes 
into account that there may not be the resources for national, regional AND local agencies. 
The Institutional Framework is of course an ‘ideal’ model. As subsequently described some 
islands will not have many of these agencies in place and, in some cases, it may not be 
necessary to have such a comprehensive institutional framework. Some islands may have, for 
example, very few catchment challenges so may not need to direct many resources in this 
direction.
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Figure 5.3: Proposed Institutional Framework for Small Islands.
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5.3 INSTITUTIONAL ROLES AND RESPONSIBILITIES FOR SMALL ISLANDS
5.3.1 Guadeloupe Roles and Responsibilities
It can be seen from Table 5.0 that Guadeloupe has a comprehensive structure that covers all 
the important areas for the delivery of safe drinking-water identified in Section 4. Drinking- 
water on the island is managed holistically, in that all areas have specialist agencies 
responsible for their management but a co-ordinating agency ensures that the activities of 
specialist departments do not either overlap or conflict with one another.
Table 5.0: Roles and responsibilities for Guadeloupe
Institutional Framework for Small Islands Existing Institutional Framework for 
Guadeloupe
Co-ordinating Department 1 Mission Inter Services de L’Eau
CORE DEPARTMENTS
Public Utilities Department Department of Industry, Research and the 
Environment
Department of Water Resources Department of Agriculture & Rural Affairs
Department of Health Department of Health & Social Services
Department of Environmental Protection Department of Industry, Research and the 
Environment
Department of Planning Department of Equipment
Water Supplier Private company or community supply.
Policy Development Department of Environnent
Department of Social Services Department of health & Social Services
SUPPORTING DEPARTMENTS
Department of Tourism Department of Tourism
Department of Meteorology or Natural Disaster Department of Geology. 
Department of Meteorology
Academic Institutions Universités
Stakeholders
The co-ordinating agency in Guadeloupe is called the Mission Inter Services de L’Eau (La 
MISE). The following has been translated from the ‘Public Policy Records’ for France (vie- 
publique, 2007):
La MISE gathers information from all o f the water-related stakeholders to ensure that 
responsibilities for water-related activities are carried out. La MISE constitutes a central 
point o f coordination o f the activities for these services in order to improve the effectiveness 
of the administrative action in the various fields: water resources, quality o f the aquatic 
environments, purification, drinking water, risk management related to the floods and 
planning (SDAGE, WISE, contracts o f rivers). The inter-departmental mission o f La MISE 
aims to improve the legibility and the effectiveness o f the administrative action in the field  o f
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water: it constitutes a single point o f contact to ensure the effectiveness o f regulation and 
water policies. It allows a global solution o f the questions relating to water by the 
coordination o f the interventions o f the DDAF and the DDE for the exercise o f their 
respective missions o f surveillance o f water (underground and surface). On the initiative o f 
the prefect, the responsibilities o f La MISE can be widened with the other departments 
involved, in particular the DDASS and the DIREN
The extract above highlights a number of important responsibilities of the department:
-  Monitoring of water-related stakeholder activities (promoting good reporting and 
transparent decision making of stakeholders).
-  A central point to co-ordinate water-related stakeholders
-  Aims to improve the management and effectiveness of the sector
-  Ensures that polices and regulations are effective and are carried out.
-  It is a flexible agency whose responsibilities can be expanded as necessary depending on
local characteristics (i.e. the requirements for each ‘Department’ of France may
significantly differ).
This agency covers many of the responsibilities that a central co-ordinating agency would 
ideally cover -  as detailed in Table 5.1. Consumer behaviour and perceptions are not 
addressed by this agency but there is scope for expanding the role to include this if necessary.
Table 5.1 : Role of the Central Co-ordination Asencv Mission Inter Services de L’Eau for Guadeloupe
Small Island Co-ordinating Agency Mission Inter Services de L’Eau
The holistic assessment of challenges to the 
provision of a safe drinking-water supply
Monitoring of water-related stakeholder activities 
(promoting good reporting and transparent decision 
making of stakeholders).
Aims to improve the management and effectiveness 
of the sector
To establish clear roles and responsibilities for 
stakeholders
To develop a consensus of opinion between 
stakeholders of priorities and goals
To promote transparent, evidence based decision 
making for all stakeholders.
To address country-wide challenges (i.e. experienced 
by all stakeholders) for example, poor availability of 
skilled personnel.
To assess, prioritise and maximise financial 
resources.
To develop policies that promote the delivery of safe 
drinking-water
Ensures that polices and regulations are effective and 
are carried out
To develop clear, fulfilled and enforceable 
legislation to support stakeholder responsibilities.
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To promote communication, co-ordination and 
collaboration between stakeholders
A central point to co-ordinate water-related 
stakeholders
To address difficulties with consumers perceptions, 
behaviours or lack of trust in drinking-water 
stakeholders
The effectiveness of drinking-water supply management is reflected in the overall good 
drinking-water supply for the Guadeloupe HOWEVER even with a strong institutional 
structure there are a few communities that have ‘fallen through the net.’ Papaye, Sainte Rose 
and Carenage as discussed in Section 3 are examples of communities that have difficulties 
with quality, quantities and continuity of supply. There are obvious gaps in the structure and 
it may be appropriate for La MISE to expand its role in Guadeloupe in order to address these 
issues. In the preliminary assessment carried out by the author, the challenges fall into four 
main categories:
-  Poor financial management
-  Community awareness of health risks and costs of supply are insufficient to improve the 
willingness to pay
-  Unfulfilled role of the water supplier
-  Insufficient subsidies for vulnerable groups (particularly Carenage).
The expanded role of La MISE may enable stakeholders to address each of these challenges in 
turn and maximise the resources of the combined stakeholders with regard to expertise, 
management skills and possibly finances should this be appropriate. The water suppliers in 
the case of Sainte-Rose and Papaye are independent of the Syndicats and although the 
communities have autonomy, they have lost benefits provided by economies of scale.
Financial management in the case of Guadeloupe would fall under the responsibility of the 
Department of Industry, Research and the Environment, the Department of Health & Social 
Services and the water supplier for each community. Sainte-Rose and Papaye are two 
communities that have opted to manage their own water supplies in order to keep tariffs low 
yet there is discontent within the community regarding the quality of service they receive and 
the drinking-water supplied is unsafe. Bottled water is used by many in the community as an 
alternative that is considered safer (and more reliable). The ‘true’ cost of household water 
supply is likely to be much higher than residents in these communities expect. An assessment
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of costs and the ‘true’ proportion of household expenditure on water (including bottled) and 
facilitating the key components of good financial management may be a positive step towards 
unravelling the financial difficulties of these communities.
The water supplier in the cases of Sainte-Rose and Papaye lack all of the key criteria to 
improve drinking-water safety. There is no evidence of Standard Operating Procedures or 
inspections carried out, existing treatment is insufficient to provide safe drinking-water, spare- 
parts and chemicals are not readily available and planning for the distribution of water 
resources has not accounted for the dry season where there are regular periods when there is 
no supply. In these two cases the challenges are very much operational and the communities 
require support in building capacity and procedures to improve drinking-water safety.
Carenage is a marginalised community and are unable to afford the connection fee or tariffs of 
the supply from General des Eaux. The tariffs for this community are considerably higher 
than the other two communities researched and the community is in need of support to ensure 
that they are provided with a safe drinking-water supply. It is possible that this is an area 
where La MISE could expand its role to address this problem. At present there is no policy to 
address marginalised groups and as a result communities such as Carenage are not receiving a 
safe water supply.
Another difficulty in water supply management for Guadeloupe is that the nature and 
comprehensive institutional and legislative structure may be TOO comprehensive for some 
island stakeholders to adequately enforce - particularly with the licensing of plumbers and 
ownership of catchments. Although this has been cited as a problem by stakeholders, in that 
legislation is not adequately followed, there is no other evidence that this causes a particular 
problem with regard to quality or quantities of supply on the island i.e. there is no clear link 
that these are the direct cause of any difficulties. However some flexibility in management 
approaches for the less developed departments of France (i.e. Guadeloupe) may allow 
stakeholders to more effectively manage drinking-water supplies and would be key function 
of La MISE in its expanded role.
Analysis of the challenges of drinking-water supply in Guadeloupe and the gaps in the 
institutional structure has resulted in a number of areas where departments may expand their
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roles and responsibilities. The water safety plan approach at an operational level of system 
assessment and control measures for each of the communities would provide a structure 
within which to enable the water supplier work towards fulfilling its core responsibilities. .
Other departments would also be instrumental in improving drinking-water safety for these 
smaller communities; La MISE in its role of co-ordination could expand on its existing 
responsibilities to include island-wide problems such as;
-  Poor availability of spare parts and treatment chemicals
-  Lack of policy for managing marginalised groups
-  Management support for ‘problem’ communities such as Sainte-Rose & Papaye
-  Adapting regulations to take account of island institutional characteristics and limitations 
-  such as poor availability of skilled personnel.
As detailed in Section 4 there is considerable opportunity for the existing WHO Framework to 
improve drinking-water safety from catchment to consumer and difficulties experienced by 
marginalised communities in Guadeloupe may well benefit from implementing the approach. 
There is a strong institutional structure on the island and the water safety plan approach may 
assist existing agencies in the existing operational and management difficulties.
5.3.2 Saint Lucia Roles and Responsibilities
Saint Lucia has significant gaps in its institutional structure. As can be seen from Table 5.5 
the departments that are active are the water supplier (WASCO), the Department of Public 
Works and the Department of Health. However there are significant problems in the inter­
action of these departments with a lack of understanding of the challenges faced by each of 
the stakeholders in their responsibilities and considerable mistrust. As mentioned in Section 
3, the co-ordinating agency the. National Water and Sewerage Commission, was set up 
without a clear understanding of its role, structure or procedures and very quickly became 
non-viable and is therefore no longer active. The Department of Water Resources was set-up 
temporarily to assess water resources on the island but has since been shut down.
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Table 5.2: Roles and responsibilities for Saint Lucia
Institutional Framework for Small Islands Saint Lucia
Co-ordination Department (Water Safety Plan 
Team)
National Water & Sewerage Commission
Public Utilities Department Ministry of Communications, Works, Transport & 
Public works
Department of Water Resources Ministry o f Agriculture, Forestry and Fisheries
Department of Health Ministry of Health
Department of Environmental Protection
Department of Planning
Water Supplier Water & Sanitation Corporation
Policy Development
Department of Social Services
Department of Tourism
Department of Meteorology or Natural Disaster
Academic Institutions Caribbean Environmental Health Institute
PAHO/WHO
Universities
Stakeholders
Consultants
The Ministry of Communications....Public Works does, to some extent, regulate tariffs 
however this is not based on any true evidence of actual costs and the safety of drinking-water 
supplied from existing facilities and tariffs and economic practise are currently not adequate 
to supply safe drinking-water. The Ministry of Health conducts some water quality 
surveillance but there is no clear evidence that this is beneficial to the overall management of 
safe drinking-water on the island i.e. there is no remedial action taken when drinking-water is 
found to be below the adopted drinking-water quality standards. In fact, as detailed in Section 
3, the water supplier does not seem to be aware that such surveillance is carried out and no 
records of water quality were available from the surveillance agency.
The Caribbean Environmental Health Institute is fairly active on the island but has no 
authority. They are an under-utilised source of technical and possibly management expertise 
and consumers have been known to go to them with complaints regarding water-quality on 
the island.
The Saint Lucian institutional and legislative structure is very weak with many core roles 
missing and existing departments with unfulfilled responsibilities. There is very large scope 
for improvement and understandably it may be difficult for existing stakeholders to find an 
appropriate starting point. The water safety plan approach in this circumstance has the
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potential to greatly assist stakeholders by providing a structure within which to begin to 
understand the many challenges that are creating difficulties in the provision of safe drinking- 
water on the island.
It may take many years for a complete Institutional Framework to be developed but it would 
be the role of the water safety plan team to collect evidence as to the existing challenges, 
assess risk and therefore be enabled to prioritise resources to facilitate interventions that 
would have the largest impact on improving drinking-water safety. In the case of Saint Lucia, 
it would be reasonable to develop a core institutional framework as indicated in Figure 5.4.
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Figure 5.4; Proposed Institutional Framework for Saint Lucia
In the case of Saint Lucia there is a large gap in technical and managerial expertise and the 
role of the supporting departments has become more central in order to manage this gap. This 
initial team can build capacity in existing departments, promote mutual learning and
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maximise knowledge and resources in a co-operative environment that prioritises the health of 
the consumer.
The existing WHO Framework still has considerable opportunity to improve drinking-water 
safety in Saint Lucia. There are many operational and management challenges from 
catchment to consumer and it is exactly these types of challenges that the WHO Framework 
has been designed to mitigate. It is likely that drinking-water safety improvements may be 
made with implementation, even without improvements in institutional structure
5.3.3 Bahamas Roles and Responsibilities
The institutional structure in the Bahamas is confused, complicated and not fulfilled as can be 
seen in Table 5.3. There is a particular problem with regulation of groundwater and drinking- 
water on the island, with many private suppliers that have limited technical expertise running 
public facilities such as hotels. Water quality surveillance of the main water suppliers is 
carried out by the Department of Environmental Health but with no real or effective recourse 
to address issues relating to failure to reach standards. The regulation of household plumbing 
seems fairly comprehensive with inspection carried out of every newly built property but the 
Building Control Office.
A central co-ordinating agency has been created on the island but no stakeholders made 
reference to it in interviews and its level of activity is therefore unknown -  in fact its 
existence was only detected via one reference found in documentation. This may well be a 
good starting point for the development of a central co-ordinating agency. Although there are 
many water related departments on the island, as described in Section 3, it doesn’t appear that 
any of them fulfil the core roles and responsibilities to mitigate the many challenges found on 
the island. In fact, it appears that only four of the many agencies have relevant 
responsibilities. These four agencies may therefore be an appropriate starting point for a 
central co-ordinating agency and a thorough investigation conducted to unravel the very 
complex institutional framework on the island.
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Table 5.3: Roles and responsibilities for The Bahamas
Institutional Framework for Small Islands The Bahamas
Co-ordination Department (Water Safety Plan 
Team)
Join t W ater Q uality and Pollution C ontrol Unit
Public Utilities Department
Department of Water Resources
Department of Health Ministry of Health & Environment
Department of Environmental Protection
Department of Planning Building Control Office (Ministry of Works & 
Utilities)
Water Supplier Private Supplier or Public Utility
Policy Development Bahamas Environnent, Science & Technology 
commission
Department of Social Services
Department of Tourism Department of Tourism
Department of Meteorology or Natural Disaster Department of Meteorology 
National Disaster Management Agency
Academic Institutions Universities
PAHO/WHO
Stakeholders
Consultants
A
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Figure 5.5; Proposed Institutional Framework for The Bahamas
It is immediately apparent from an assessment of the challenges that as well as problems with 
the institutional framework on the island, regulation of groundwater and private drinking- 
water suppliers is urgently required. Particularly as the Bahamas is a major tourist destination
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and the economy is dependent on this as a major source of income. Many of the private 
drinking-water suppliers are hotels and there is significant evidence to suggest that these 
present a significant health risk. A large water-related disease outbreak resulting from one of 
these sources could have a significant affect on tourism for the island.
The WHO Framework and water safety plan approach could have a significant impact on 
water safety in The Bahamas; particularly in the case of the private supplies, of which there 
are many. Similarly technologies are used independently throughout the islands and generic, 
technology specific water safety plans and guidelines could significantly reduce risk from 
these sources.
5.4 DISCUSSION
The challenges to the provision of safe drinking-water on small islands have been discussed in 
depth in section 3 and it was determined that there is a potential threat to the success of the 
WHO Framework from lack of guidance for Institutional Frameworks. A Small Island 
Institutional Framework has been proposed which could implement the WHO Framework 
AND address potential difficulties with the institutional frameworks for each of the case- 
studies.
The extent of each of the responsibilities for the agencies within each of these frameworks 
would vary, depending on the characteristics of the island. For example. The Bahamas has 
significant problems with catchment management due to the geological and geographical 
nature of the island and protection of water resources has become an urgent problem for the 
islands drinking-water stakeholders. In this instance it is likely that the Environmental 
Protection and Water Resources Department would be an extremely active department and 
ideally well-resourced. However, on Saint Lucia, although there are many challenges to 
catchment management they are not on a similar scale to The Bahamas and a smaller 
department may suffice. It may well be appropriate for the management of water resources in 
Saint Lucia to be as a department of the water supplier. However these are decisions that 
should be made by the Central Co-ordinating Agency and the Water Safety Plan team, these 
are the core stakeholders on the islands and should be familiar with island characteristics and 
resources.
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An assessment of the institutional arrangements on the islands has uncovered gaps in the core 
roles and responsibilities for the islands. Guadeloupe has a comprehensive institutional 
structure and for the most part, the island is very well served with safe drinking-water. 
However, there are marginalised groups that have not been accounted for and although they 
are only a small proportion of the overall population, there is a significant health risk to these 
communities. It has been suggested that the role of the co-ordinating agency be expanded to 
address this issue as a collaborative effort of all the departments involved.
The institutional structure for Saint Lucia does not have departments for the management of 
many of the challenges on the island. The water supplier lacks a significant level of support 
and this is reflected in the quality of service that they are able to provide to consumers. An 
initial step of creating a central co-ordinating agency and a water safety plan team from the 
existing active stakeholders would encourage collaboration which may effectively address 
some of the island challenges.
An important role of the Saint Lucian central co-ordinating agency would be to assess the risk 
of not having active departments in the roles of environmental protection, planning, policy 
development and social services and make evidence based decisions on the true need to create 
and expand these roles. Preliminary evidence, as described in Section 3, suggests that some 
(if not extensive management) is required in all areas, but that this would be part of a long­
term action plan for improvement and capacity would be built with each rolling revision of 
island characteristics and challenges.
There seems to be many drinking-water stakeholders in The Bahamas but, as mentioned 
previously, it is not clear as to what are their roles and responsibilities; furthermore the 
institutional framework of this island is very complex and confused. An effort has been made 
to identify agencies with core responsibilities and a suggestion made that these would be 
appropriate in the formulation of an initial central co-ordinating agency. There are also many 
gaps in the roles fulfilled in The Bahamas. It maybe appropriate that the first action taken by 
the Bahamian Central Co-ordinating Agency is to conduct a detailed investigation into the 
many roles and responsibilities and resources of drinking-water stakeholders on the island and 
assess the usefulness and effectiveness of each department as an initial step towards 
streamlining drinking-water management and developing a more complete framework.
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The evidence clearly shows the need for a central co-ordinating agency in addition to the 
water safety plan approach. Guadeloupe has an agency that fulfils a large part of the role and 
this is reflected in the good management of drinking-water on the island (excluding 
marginalised communities as discussed previously). Saint Lucia and the Bahamas would 
greatly benefit from the development of Water Safety Plan Team to improve drinking-water 
operations and management activities on the islands and also may benefit from addressing 
challenges with the institutional frameworks on these islands which may also enable more 
successful implementation of the WHO Framework for Safe Drinking-water.
5.5 CONCLUSION
There are many challenges to the provision of drinking-water on small Caribbean islands. 
Analysis of case-studies has revealed that many of these challenges are due to an absence of 
clear policies, a strong institutional and legislative framework and poor financial 
management, all of which pose a threat to the successful implementation of the WHO 
Framework for Safe Drinking-water. The existing framework has the potential to improve 
drinking-water safety and this potential may be increased with the removal of threats from 
weak institutional frameworks currently identified in some of the case-studies.
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6.0 CONCLUDING REMARKS
This research was developed because there is very limited literature on the challenges of 
drinking-water management for small islands. It was speculated that there were 
shortcomings, particularly in areas of financial arrangements, operational difficulties and 
consumer behaviour. The available literature is also very concentrated in the Pacific region, 
with little documented evidence of challenges in other small island regions. No methodology 
has been found with which to conduct a holistic assessment of small island challenges and 
very little of the literature reviewed shows evidence of an integrated analysis of all the 
influencing factors on the provision of safe drinking-water.
The WHO Framework for Safe Drinking-water has been developed from many years of field 
work and evidence of the challenges faced in the provision of safe drinking-water supply. 
The design of the WHO Framework is such that these challenges may be mitigated with 
formulation and implementation of the framework. However, there has been no analysis of 
the potential of the WHO Framework to improve drinking-water safety in a small island 
environment.
In order to carry out the research. Islands with a broad range of characteristics from a 
relatively unstudied region were chosen to add to the existing knowledge of the challenges 
experienced by small islands. The challenges were identified using a number of qualitative 
research methods. These methods were used to formulate a challenge identification tool and 
focus groups used to verify the comprehensiveness and relevancy of the tool.
An audit of the WHO Framework was then carried out to analyse the potential strategic 
position it may have in the small island environment. Strengths, weakness, opportunities and 
threats were analysed and additional specific requirements for the success of the framework in 
this environment identified and verified where possible.
The case-studies have revealed that there are many challenges to drinking-water safety for 
small islands that has not been previously recorded in the available literature. Saint Lucia, 
Guadeloupe and The Bahamas have many challenges that cover aspects of Institutional 
Framework, Catchment Management, Treatment, Distribution and Consumer.
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There were considerable Institutional Framework challenges for Saint Lucia and The 
Bahamas in areas such as policy development, institutional structure and capacity, legislation, 
financial management and decision making. Guadeloupe had a mature institutional 
framework however, there were still some challenges that related to inappropriate legislation 
for the small island environment.
All three islands had difficulties with catchment management, in particular land ownership 
and land use. Practically preventing land use activities in catchments that can result in 
pollution when available land is extremely restricted, is a challenge that none of the islands 
have overcome.
Treatment and distribution challenges cover aspects of operations, management, standards, 
guidelines and procedures. The availability of spare parts was regularly cited as a problem, as 
were inappropriate technology selections and the challenging nature of the small islands 
environment with large changes in water availability and quality as well as regularly 
fluctuating population numbers.
Consumer challenges varied across the islands. The Bahamas has easily available 
groundwater but difficulties are experience with many residents having private and unsafe 
supplies. Challenges for Saint Lucia and Guadeloupe included connecting inhabitants to the 
public supply at an affordable rate as well as little evidence of good plumbing practices. Saint 
Lucia particularly had problems in the beliefs, behaviour and handling of water by residents.
An in-depth literature review in Section 1 revealed the purpose and ‘strengths’ of the WHO 
Framework. This analytical chapter has revealed that in its current format there are some 
weaknesses in the tools made available to develop the WHO Framework in any environment. 
However there is still considerable work to be carried out in this area and the true strengths and 
weaknesses of the WHO Framework will not be revealed until further work is carried out. It is 
understood that the WHO Guidelines for Drinking-water Quality are a rolling revision and 
weaknesses in the approach accounted for and improvements are to be made with each of these 
revisions.
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There are many challenges to drinking-water safety in the small island environment. In Section 
4 the WHO Framework has been analysed to reveal if there are tools or aspects of the 
Framework with which to manage these challenges. It is recognized both here and by an expert 
focus group that there are essential ‘extra’ requirements in order to ensure on-going, sustainable 
drinking-water supplies to small islands and these have been identified as the Reykjavik 
Principles.
There is considerable opportunity to improve drinking-water safety for small islands from 
catchment to consumer with implementation of the WHO Framework. The Reykjavik 
Principles recognize that some special considerations are required to ensure ongoing, 
sustainable safe drinking-water supplies in a community environment such as small islands, 
however, in its current format, the WHO Framework does not incorporate these special 
requirements.
Substantial challenges identified for small islands resulted from the existing Institutional 
Frameworks. The need for special consideration in this area is verified by the Reykjavik 
Principles. However the evidence has revealed that there is little guidance or tools available in 
the WHO Framework with which to develop Institutional Frameworks. The majority of threats 
to the success of the improvements in drinking-water safety that can be gained from 
implementation of the WHO Framework arise from a lack of support in this area. This results 
in a threat to the development of ongoing, sustainable safe drinking-water supply for small 
islands.
There are many challenges to the provision of drinking-water on small Caribbean islands. 
Analysis of case-studies has revealed that many of these challenges are due to an absence of 
clear policies, a weak institutional and legislative framework and poor financial management, 
all of which pose a threat to the successful implementation of the WHO Framework for Safe 
Drinking-water. The existing framework has the potential to improve drinking-water safety 
and this potential may be increased with the removal of threats from weak institutional 
frameworks currently found in some of the case-studies.
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APPENDIX 8.2: INSTITUTIONAL ARRANGEMENTS INTERVIEW
Section A -  Institutional Framework
1. What is the Institutional framework for Drinking-water management on the island?
2. What are the roles and responsibilities of drinking-water related departments and what 
mechanisms are in place for collaboration and co-ordination?
Section B -  Policy and Legislation
3. How does the department define‘a community’?
4. What is the law and legislation governing those departments, specific to community 
water supply, and what powers do they have to implement them.
5. Is there any evidence of a ‘Human right to water’ law?
6. If there are no regulations specific to community water supply, are communities 
protected under any other laws?
7. What is the current policy of the departments with regard to community water supply?
8. How has this policy been established and does it have clear criteria?
9. Who have been the main participants in creating policy? Now and historically.
10. Has there been any significant external influence in the creation of policy, now or in 
the past?
11. To what extent have communities been involved with the creation of this policy?
12. Have there been any significant changes in policy in the past and what where the 
reasons for the change?
13. What have the corresponding changes in law and legislation been as a result of the 
policy change?
14. Do the laws and legislation created effectively represent Government policy.
15. Is there any evidence that strict laws and legislation may inhibit long term policy 
goals?
16. Do ministers and other politicians uphold Government policy?
17. Does the policy specifically refer to who is responsible for decision making for 
community water supplies? How is this policy supported?
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Section C -  Regulations and Codes of Practice
18. What are the regulations and codes of practise in use on the island?
19. Who are responsible for ensuring Regulations are upheld?
20. What powers are given to ensure that regulations are upheld?
21. Who is the main decision maker regarding regulations?
22. Are the regulations and codes of practise easily accessible to water stakeholders?
23. Do water companies and related stakeholders conform to government regulations?
24. Have communities been informed of any changes in regulations and how have they 
been involved in decision making processes?
25. What provisions have been made for communities to provide feed-back to water 
companies and related stakeholders?
26. Do the codes of practice vary for different types communities and are they periodically 
reviewed?
27. Apart from regulations and codes of practise, do water companies and related 
stakeholders refer to other guidelines or standards for community water supply?
28. Do the regulations and codes of practise (or other guidelines) specify best practice for 
health based targets in community water supply? What is best practise?
29. What regulation is there of special and emergency water supplies?
• Institutional
• Temporary
• Tanker
• Vendors
• Bottled water
• Ice
30. How is drinking water supply financed in the communities and what are the sources of 
income?
Section D -  Surveillance and Monitoring
31. Are there independent surveillance departments (quality and health) and what are their 
responsibilities?
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32. What is the organizational structure of surveillance from the community to a national 
level?
33. What are the regulations that are specific to surveillance and how are they enforced?
34. What are the reporting procedures within the surveillance agency and how regularly 
are communities inspected (sanitary surveys)?
35. What human, physical and financial resources are made available to the surveillance 
agency to carry out their duties?
36. Who is responsible for sampling and monitoring the community water supply?
37. What are the standard methods of analysis?
38. Are laboratories available for testing community samples? What condition are the 
laboratories in?
39. Are there provisions and support available for establishing laboratories?
40. Who is responsible for maintaining and operating the community water supply?
41. What training for waterworks operators is made available through the surveillance 
agency?
42. What advice on remedial action is available?
43. Is surveillance open and transparent? Has there been any attempt by the surveillance 
agency to inform the public of their activities?
44. Do other government departments have any normative or regulatory functions 
concerned with drinking water supply?
45. To what extent do the policies of these departments have the potential to affect 
drinking water supply?
46. How do the departments co-operate and collaborate?
47. Do the communities have access to water quality testing results of water companies 
and related stakeholders?
Section E -  Non-governmental Agencies
48. Do any Non Governmental Organisations (NGOs) or other Donor Agencies work with 
communities? List Organisations.
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49. What is the priority and approach implemented by each NGO working with 
community water supplies?
50. What guidelines or standards is each NGO utilising?
51. Is there any collaboration and co-operation between the NGOs and the government?
52. To what extent do NGOs and Donor Agencies influence government policy?
53. Do NGOs utilize government resources when working with community water 
supplies?
54. How are NGO activities co-ordinated?
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APPENDIX 8.3: WATER SERVICE SUPPLY INTERVIEW 
W ater Source
What is the main source of water for the community?
What is the main supply for the community?
Group A Group B Group C Group D*
• Surface
• Spring
• Stream/river
• Rainwater harvesting
• Unprotected ground 
source
• Protected ground 
source
• Hand-pump
• Tap-stand
• Piped 
household 
distribution
• Bottled water
• Water 
Vendors
• Other
W ater Source Answer Sections
Group A A, E, F & G
Group B A, D, E & F
Group C A , B , C , D & E
Group D A & B
* Drinking Water supply in Group D may very often be in conjunction with other water 
supplies used for washing and/or cooking. It is important to collect details about these 
water supplies as well as there are health implications for using poor water quality sources 
for these purposes.
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Section A
Water Costs
1. Is there any charge for retrieving water from the supply?
a. How much is it? (Use local payment method and $ per litre)
b. Who is paid for the supply?
2. What percentage of community income is taken up by this charge?
a. How many households pay a tariff? (% of households)
b. What reasons are given for only some households paying a tariff?
c. What percentage of the household income is taken up by the charge?
3. What is the tariff system based on?
a. Why has it been set up the way it is?
b. Does it cover the operation and maintenance of the system?
4. What repercussions are there, if members of the community are unable to pay the 
charge?
5. How is the charge collected?
6. Who manages the collection of finances and accounts?
7. Is this group or person accountable for keeping good accounts? To whom? How?
8. Is the cost regulated to prevent excess charges?
9. What steps have been taken to prevent corruption?
a. Is there transparency of operations?
b. Are there regular audits?
c. Are there repercussions for those found to be practising corrupt methods?
Water Quality
1. What is the quality of the water at the collection point?
a. Thermotolerant (faecal) coliform count per 100ml -  Bacteriological quality.
b. Source count per 100ml
c. Highest count in distribution per 100 ml (if applicable).
Ref: Guidelines fo r  drinking-water quality. 2^^ Edition. Volume 3
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2. Is there any evidence of fluctuations in the quality of the water? E.g. Daily, weekly, 
monthly, seasonally etc.
a. What is the worst that the water quality is likely to reach?
b. How long will the quality remain at its worst?
c. How often will this occur?
d. Why does it occur?
Awareness
1. Is the community aware of the importance of water quality?
a. Are they aware of the diseases associated with ingesting water of poor quality 
-  waterborne diseases?
b. Are they aware of the diseases associated with poor water handling -  water 
related insect vectors?
2. Does the community know what the quality of the water is?
3. Is there access to water quality data?
Water Quantity
1. What quantity of water is available?
Flow entering a source (litres per = (litres per second delivered x 86400)
second) . population
Overfiow(s) L/s (if applicable). = ...................x 86400
Flow delivered to taps (L/s) (if.=........... .........litres per person per day
applicable).
Ref: Guidelines fo r  drinking-water quality. 2 ^  Edition. Volume 3
2. Are there any fluctuations in the quantity of water available? Daily, weekly, monthly, 
seasonally?
a. When do these fluctuations occur?
b. How regularly do these fluctuations occur?
c. Are there other sources of water available during these times?
d. Is there potential to create and/or develop other sources during these times? -  
give quality, quantity details.
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Section B
1. Where does the water supply service originate? Utility treatment works, private well, 
tanker to reservoir etc?
2. Who is responsible for the quality of water that is delivered?
3. Is there any legislation* specific to the type of supply in this community?
* Bottled water is often regulated under food laws rather than drinking water laws.
Section C
Water Coverage
1. Does everybody in the community have a household supply?
a. If not, what kind of supply do others in the community have? (be sure to 
complete the appropriate section for them).
b. What reasons are given for some community members to have household 
distribution and others not? (income, class, physical or technical reasons etc)
2. How extensive is the household supply? 1 tap or are there multiple water points?
Section D
Water Supply Distribution Network (including very small supplies)
1. Is the distribution network exposed or under ground?
2. What does the infrastructure consist of? Include details of materials that are required 
to construct and maintain it?
3. What condition is the distribution network in?
a. Complete appropriate Sanitary Inspection Form attached (Water Safety Plans. 
WHO. 2004)
4. Where can spare parts be located?
a. How long will it take to get spare parts?
b. What is involved in accessing spare parts?
c. How much do spare parts cost?
d. Who pays for the spare parts?
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5. Who is responsible for maintaining the distribution network?
a. What are the day to day, weekly etc responsibilities of maintaining the 
distribution network?
b. What qualifications are required for obtaining the job?
c. What training is given?
6. What does the maintenance job entail?
a. Is it a full time job (do they have other jobs as well?).
b. What level of skill is required to fulfil the job
c. How much does he/she get paid
d. How far does the maintenance worker have to travel to fulfil his/her job? By 
what method of transport?
e. What resources is the maintenance worker provided with to fulfil his/her job? 
What condition are they in?
f. Are there any known problems with absence
g. How is the maintenance job perceived within the community?
h. How was the maintenance worker hired? On what basis? Who hired them?
i. What position does the maintenance worker hold within the community 
(social/income etc)?
7. Who does the maintenance worker report to?
Water Treatment
1. What is the method of treatment for the water supply at the source?
Chlorination
Filter
Coag/Floc and sedimentation
UV
Ozone
UV without pre-filter 
Untreated 
Unknown 
Other (details)
Ref: DWI Risk Assessment for Private Water Supplies. 2004
2. Are the treatment steps providing water quality output as expected?
If NO -  use survey and tests to assess where treatment is failing.
3. Who is responsible for operation of the treatment works?
a. What are the day to day, weekly etc responsibilities of operating the treatment 
of the water supply?
b. What qualifications are required for obtaining the job?
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c. What training is given?
4. What does the operation job entail?
a. Is it a full time job (do they have other jobs as well?).
b. How much does he/she get paid
c. What level of skill is required to fulfil the job
d. How far does the operator have to travel to fulfil his/her job? By what method 
of transport?
e. What resources is the operator provided with to fulfil his/her job? What 
condition are they in?
f. Are there any known problems with absence
g. How is the maintenance job perceived within the community?
h. How was the operator hired? On what basis? Who hired them?
i. What position does the maintenance worker hold within the community 
(social/income etc)?
5. Who does the operations worker report to?
6. Is the water treated within the home?
Chlorination
Filter
Coag/Floc and sedimentation
UV
Ozone
UV without pre-filter 
Untreated 
Unknown 
Other (details)
Ref: DWI Risk Assessment for Private Water Supplies. 2004.
1. How much does the household treatment cost and who pays for it?
Monitoring
1. What monitoring is undertaken?
a. What checks are made?
b. How often?
c. What are the reporting procedures
d. How well documented is the monitoring
e. Is the data reliable?
f. Are lab facilities adequate?
2. What procedures are taken if the treatment system fails one or more monitoring 
checks?
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a. Is the failure reported?
b. Is the community made aware of reduced water quality?
c. Are the community given instructions as to what to do when water quality 
poses an increased health risk?
d. Are there back up supplies?
3. What steps are taken to return water quality to ‘normal’ ?
8. Who is responsible for monitoring the treatment works?
a. What are the day to day, weekly etc responsibilities of operating the treatment 
of the water supply?
b. What qualifications are required for obtaining the job?
c. What training is given?
9. What does the monitor job entail?
a. Is it a full time job (do they have other jobs as well?).
b. How much does he/she get paid
c. What level of skill is required to fulfil the job
d. How far does the monitor worker have to travel to fulfil his/her job? By what 
method of transport?
e. What resources is the monitor worker provided with to fulfil his/her job? What 
condition are they in?
f. Are there any known problems with absence
g. How is the maintenance job perceived within the community?
h. How was the monitor hired? On what basis? Who hired them?
i. What position does the monitor worker hold within the community 
(social/income etc)?
10. Who does the monitor worker report to?
Surveillance
1. Who checks that the operator/monitor/maintenance are fulfilling their duties 
satisfactorily?
2. What does this consist of;
a. What is checked
b. By who
c. How often
d. What records are kept?
Management
1. What is the structure of responsibility in the management of the water supply?
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2. Who reports to who and what are the reporting procedures?
3. Who arranged the management system?
4. Why was it arranged as it is presently? How long has it been arranged this way?
5. What ‘style’ of management is used (e.g. autocratic -  democratic)?
6. Have there been changes in the management structure? When, why?
Transparency
1. Are the community aware of changes, improvements and problems with the water 
supply service?
2. What methods are there to make them aware?
3. Can they access information at will?
Section E
Water Catchment
1. Where in relation to the community is the catchment for the drinking water supply 
situated?
2. Complete a catchment sanitary survey, as available from the WHO.
Water Resources
1. Is any part of the water supply diverted from its original source? Give details.
2. Are there communities nearby who use the same water source?
3. Have any of these communities diverted the water from its original source? Give 
details.
4. Are there other uses for the water source?
Water History
1. Are there any myths, stories or legends associated with the water source? Give 
details.
a. Do the community believe in any water Gods or mythical figures? Give details 
of beliefs.
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Hygiene
1. Are the community aware of the importance of hygiene and how water-washed and 
water-based diseases are contracted?
2. How regularly do adults wash? Where do they wash?
3. How regularly are children washed? Where are they washed?
4. Is there evidence of regular hand washing?
Decision Making
1. Who in the community is responsible for making decisions about the water supply?
2. How was this group/person elected and by whom?
3. How is the community involved in changes to the water supply service? Meetings, 
advertisements etc
4. How are problems in the community regarding the water supply reported to decision 
makers?
5. How is feedback from the community handled by the decision makers?
6. Is every group in the community represented by the decision makers? What groups 
are there and how are they represented? Are there groups that are under-represented?
Improvement
1. Does the community water supply comply with the WHO Guidelines for drinking- 
water quality; 3^^^ Edition. Volume 1. Recommendations (2004) for water quality and 
quantity?
If NO -  continue to next section
2. Is there any evidence of plans for the community water supply to be improved?
3. Is the community aware of the benefits of an improved water supply?
4. Who would benefit most from an improved water supply and what would the 
improvement entail?
Examples of what kind of improvements mav occur
Group Improvement
Children, elderly and sick groups Improved health
Women Possible reduction in physical labour,
more time to earn money, improved
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health.
Female children Possible reduction in physical labour,
more time for education, reduced threat 
of physical abuse on journeys to and 
from water supply.
5. Is there a particular group within the community that will have significant increases in 
time available after a water supply is improved?
a. What are the likely uses that this time will be put to?
Examples of the changes in the use of time
Group Time Use
Women Time spent working farm -  normally the
job of the husband.
6. Does the community want an improved water supply?
a. Is there a group(s) of people within the community who particularly would like 
an improved water supply? Give details -  why, how keen are they, how would 
it improve their quality of life etc.
b. Is there a group(s) of people within the community who are particularly 
opposed to an improved water supply? Give details -  why, what, would there 
be any negative affect on their quality of life etc
c. Is there a group(s) of people within the community that is apathetic about 
having an improved water supply?
6. What resources do the community have for an improved water supply?
a. Finances?
b. Access to materials? Give details.
c. Access to services? Public/private -  give details.
Financial Aid
1. Does the community have any possible access to financial aid?
a. Where does the financial aid come from? Government, donors.
b. In lump sum or continuous?
c. Over what period of time?
d. Are there any conditions to the aid?
e. What method is the financial aid delivered? (Has to be collected. Delivered. 
In a bank account etc)
2. Is the community aware that funds may be available?
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3. Would the community consider using any financial aid to improve their water supply?
4. Are the community able to raise money to contribute to an improved water supply?
a. How much money can the community raise?
b. What would the community have to sacrifice in order to raise the money?
c. Who would be the main contributors of money within the community?
d. Are there households or groups within the community that are unable to 
contribute to an improved water supply? Why?
i. Are other community members prepared to allow these households to 
share an improved water supply?
Community Support
1. Are any NGOs or support groups working in the area who will work with the 
community to improve their water supply?
2. Does the NGO have specific policies for improving water supply? E.g. gender, 
demand-response-approach, policy intervention etc
3. Is there any government support for the community?
a. What does this support entail?
b. How does the community ask or apply for support?
c. How reliable is the support the government offers?
d. What restrictions are there on government support?
e. How successful has government support been in other communities?
f. Does this community differ significantly from other successfully supported 
communities?
g. How likely that is it that government support may be withdrawn for any 
reason? (changes in government, policy etc)
4. If the community were able to raise funds to improve their water supply, is there any 
assistance available to help the community make appropriate technology and 
management choices?
Section F
Access to Water Source
1. How far away from the community is the water source?
a. From the nearest residence?
b. From the residence farthest away?
2. How safe (in terms of physical safety) is the water source and access to the water 
source?
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a. From predatory animals?
b. From predatory people?
3. Who owns the land that the water supply is on?
Coverage and Collection
1. How many people does the water source serve?
2. Who collects the water and how? Give details: vessels used and number of trips etc.
3. How long does it take to collect water for the household?
4. Are there groups in the community who are unable to collect their own water (orphan, 
elderly, sick and disabled)?
5. Is water collected for these groups in sufficient quantity?
a. Who collects the water for them?
b. How often?
c. How much extra work does this require for the collector?
Water Handling
1. How is water retrieved from its storage? i.e dipping pots and cups into the water or is 
the water poured into vessels?
2. How is the collected water stored?
Section G
Water Treatment
1. Is there any evidence of treatment of water after it has been collected? Give details.
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APPENDIX 8.4: WORLD HEALTH ORGANISATION MANAGEMENT 
STRUCTURES, DELIVERY SYSTEMS AND OUTREACH NETWORKS 
QUESTIONNAIRE
Identification of Respondent
1. What is the name of the organisation that you work for and what type of organisation is it? 
[select all applicable options^
Drop down menus
Organisation Role of Organisation
Government
Non-governmental/Volunteer
Private
International
Other (please specify)
Surveillance Agency 
Regulator
Water Supply Support Agency 
Water Supplier 
Project Management 
Research
Other (please specify)
2. Give and/or attach any other details about the organisation that you think may be 
important, such as organisation mandates etc.
3. For what region/country are you responding?
Characterization of small community water supplies
4. Characterize the population size on small community water supplies, relative to the 
overall population.
I f  regional data on overall population size is not available, Country data can be found at 
the following website provided by the United Nations Statistics Division: 
http://unstats.un.org/unsd/methods/inter-natlinks/sd natstat.htm
5. What are the sources of drinking water for small community water supplies in the region? 
[Select all applicable options}
Drop-down menu 
W ater Source
Spring water 
Surface water 
Groundwater 
Rainwater 
Seawater
Other (please specify)
[Provide percentages, if  the information is available.}
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6. What are the types of infrastructure for small community water systems in your region? 
[Select all applicable options]
_______ Drop-down menu
Type of System
Piped to house
Piped to yard
Standpipe
Trucks to cisterns
Household Rainwater collection
Community well
Private wells
Bottled water
Unknown service
Other (please specify)
[Provide percentages, if the information is available.]
1. If available, please provide any additional information to characterize small community 
water supplies in your country. Be as specific as possible.
Challenges associated with small community water supplies
[Check list]
• Are high-risk water sources used in small community water supplies?
□
[If yes, select all applicable options].
Yes □ No
Drop-down menu
Reasons for use of high-risk water sources
Historical/cultural/religious preference 
Distrust of tap water 
Aesthetic reasons 
Tariffs
Other (please specify)
Is availability of water a challenge in small community water supplies? Yes No
Is the drinking-water catchment adequately protected from sources of 
pollution? Yes No
Is treatment in small community water supplies adequate and appropriate 
for the source water?
□
□
Yes No
Is contamination to small community water supplies’ distribution system a 
challenge? Yes No
Is contamination to small community water supplies’ household distribution
system a challenge? Yes No
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□
Do your small community water supplies have vulnerable population? Yes □ No
□
[If yes, select all applicable options].
 Drop-down menu
Type of Vulnerability
Young/old age 
Poor health 
Disability 
Poverty 
Poor hygiene 
Political exclusion 
Social exclusion 
Other (please specify)
• Are there challenges associated with providing drinking water to transitional
populations using small community water supplies (ex. tourists, nomads)? Yes No
□
• In managing small community water supplies used by marginalized groups
a challenge? Yes No
□
• Is population size, density and/or geographic location a challenge in the
management of small community water supplies? Yes No
□
• Are ensuring good hygiene practices a challenge? Yes No
□
• Is obtaining political support for the management of small community
water supplies a challenge? Yes No
□
• Is the management capacity for small community water supplies a challenge
(i.e. conflict, over employment, migration, training, education level)? Yes No
□
• Is the community able to contribute financially or otherwise to the
management of its water supply? Yes No
8. Where you deem appropriate, please elaborate on the challenges you have identified in the 
above check list.
9. If your region/country experiences other challenges associated with managing small 
community water supplies in your country/region, please describe them. Other examples 
are climate change, natural disasters such as flooding, sabotage, theft, ownership of source 
water, geography, topography, political boundaries, funding.
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Public Health
10. Have any household or community surveys on the topic of drinking water safety/quality 
and sanitary aspects of small community water supplies been carried out in your country? 
If so, please indicate when and where, and describe findings.
11. Is there any national information available on health (disease outbreaks or case reports) in 
relation to small community water supplies. If so, please describe and indicate whether 
the whether the health issues related to microbiological or chemical pollution, or both.
Support for the Management of Small Community Water Supplies
12. Identify all stakeholders, their roles and responsibilities and mechanisms for coordination 
from the highest level of government to the community level that have drinking-water 
related activities in catchments, treatment, distribution and households. Indicate if there 
are difficulties fulfilling stakeholder responsibilities and why.
13. What are the internal institutional arrangements within communities for the administration 
of water supplies, this includes formal arrangements, i.e. legislation and regulation, as 
well as informal measures, such as traditional customs, practices and institutions.
14. Are drinking-water guidelines, standards and procedures in use? If so, are they enforced 
and what mechanisms are in place to carry out enforcement?
15. Are there any government level (local or central) support mechanisms available to 
communities regarding management of their water supplies, from source to community 
residents? Do support mechanisms incorporate capacity building and scaling-up 
programs?
16. Is there any support or assistance to communities on management of their water supplies 
from non-governmental organizations (NGOs)?
17. Describe the main sources of funding available and/or conununity contribution in the 
delivery of community water supplies.
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APPENDIX 8.5: RISK ASSESSMENT MATRIX AND CATEGORIES USED FOR 
MICOUD, SAINT LUCIA.
Table 8.1: Consequence/Probability Matrix for Micoud, Saint Lucia
Description Severity Ranking
No impact
InsigniRcantAesthetic impact Dissatisfaction
Use o f other, possibly unsafe water sources
Minor health impact for 
SMALL population
Discomfort
Minor
Temporarily bedridden
Minor health impact for 
LARGE population
Discomfort
Moderate
Temporarily bedridden
Major health impact for 
SMALL population
Hospitalisation
MajorLife-long disability
Mortality
Major health impact for 
LARGE population
Hospitalisation
CatastrophicLife-long disability
Mortality
Description Likelihood
Once every five years Rare
Once per year Unlikely
Once per month Moderate
Once per week Likely
Once per day Almost certain
Table 8.2: Risk Signifîcance Scale for Micoud, Saint Lucia
Consequences
Likelihood
Rare Unlikely Moderate Likely Almost Certain
Insignifîcant Negligible Negligible Negligible Negligible Low
Minor Negligible Negligible Low Medium Medium
Moderate Low Low Medium High High
Major Medium High High Very High Very High
Catastrophic High Very High Very HI# Very Iftgh Very High
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Table 8.3: Risk Significance and Intervention Requirements for Micoud, Saint Lucia
Risk Rating Intervention Requirements
Very Higk Immediate management intervention required
High Management attention required
Moderate Management responsibility must be specified
Low Manage by routine procedures
Insignificant No intervention required. Monitor to account for changes in significance.
MICOUD RISK ASSESSMENT
Table 8.4: Risk Assessment for Micoud, Saint Lucia
Hazard Hazardous event, source/cause Likelihood Severity Risk rating
Catchment*
Quantity Intake being blocked by plastic bags used to 
protect bananas from rodents
Almost certain Catastrophic Very high
Quantity Operator unable to access intake due to location 
on private, access prohibited land.
Almost certain Catastrophic Very high
Microbial Surface run-off highly contaminating river -  this 
particularly problematic in the rainy season.
Likely Major Very high
Quantity Insufficient treatment for high turbidity waters 
leading to pumps being turned off during rainfall.
Likely Moderate High
Chemical Banana cultivation leading to Nitrate 
contamination
Almost certain Moderate Very High
Chemical Herbicide, pesticide and rodenticide 
contamianiton
Likley Catastrophic Very high
Treatment
Microbial Settlement tanks not regularly cleaned leading to 
microbial contamination.
Almost certain Catastrophic Very high
Microbial Slow sand filters do not have any sand in them 
preventing microbial removal.
Almost certain Catastrophic Very high
Microbial Pipe redirecting water from roof of SSF will cause 
disruption of gravel in filters and breakthrough.
Almost certain Catastrophic Very high
Microbial Contamination from bird/lizard activity on roof 
directed via rainfall collection into treatment 
works
Almost certain Catastrophic Very high
Microbial Open air SSF accessible to animals. Almost certain Catastrophic Very high
Microbial Aquasol chlorinators do not work when there is a 
power cut
Unlikely Catastrophic Very high
Microbial Insufficient chlorine residual due to Aquasol 
malfunction
Unlikely Catastrophic Very high
Chemical Over dosing of chlorine and sulphuric acid due to 
Aquasol malfunction
Unlikely Minor Negligible
Quantity The SSF has a bad leak which has been there 
since its first day of operation wasting water.
Almost certain Minor Medium
Quantity Hurricanes and bad storms may incapacitate 
treatment plant
Rare Catastrophic High
Distribution
Microbial Pumps are often turned off because treatment is 
insufficient to treat poor quality raw water leading 
to possible recontamination through lack of 
positive pressure.
Almost certain Catastrophic Very h%h
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Microbial Sludge from settlement tanks spread on land near 
exposed pvc distribution pipes which may be 
degraded through exposure to sunlight.
Likely Catastrophic Very high
Quantity Distribution pipes sabotaged to access water 
supply
Rare Catastrophic High
Microbial Lack of back-flow valves lead to contamination' Almost certain Minor Medium
Quantity Leaks in the distribution system lead to lower 
quantity of water available and poor continuity.
Almost certain Minor Medium
Microbial Poorly maintained distribution system lead to 
entrance of contaminants
Almost certain Catastrophic Very high
Microbial Poor hygiene in repair work allows microbial 
contamination to enter into the system
Almost certain Catastrophic Very l%h
Microbial Area surrounding tap and sanitary condition of tap 
allow entry of contaminated water at stand-pipes
Almost certain Moderate High
Microbial Distribution pipes are shallowly buried so are 
easily damaged
Almost certain Catastrophic Very high
Quantity Hurricanes and bad storms may badly damage 
distribution system
Rare Catastrophic high
Microbial Insufficient water quality monitoring to verify if 
water distributed is safe
Almost certain catastrophic Very high
Quantity The treatment works is used to supply 2 
communities but only has the capacity to supply 
one at a time so supply is on alternate days.
Almost certain Moderate High
Chemical There is no provision for chemical testing so 
water quality is unknown and may be unsafe
Almost certain Major Very high
Quantity Potential sabotage of water meters to cut down 
water costs
Likely Minor Medium
Consumer
Quantity Reluctance to use tap water in order to cut down 
water costs. Use of rivers for washing and 
bathing.
Almost certain Major Very high
Quantity 10% of the community do not have a household 
connection which may inhibit water use sufficient 
for hygiene
Almost certain Minor Very high
Microbial Poor hygiene practises with regard to water use 
may lead to contaminated water
Almost certain Major Very high
Microbial Lack of awareness of water use and health 
benefits
Almost certain Major Very high
Microbial No licensing of plumbers and inspection of 
plumbing works leads to poorly installed 
household plumbing and contamination
Likely Moderate High
Microbial Consumers are not made aware of contamination 
of the water supply, so there can be no remedial 
action taken by the consumer
Likely Major Very high
Use Saint Lucian’s believe water is a gift from god and 
shouldn’t be paid for so prefer to use rivers
Almost certain Catastrophic Very high
* catchment and source were inaccessible so potential hazards have been established from 
interviews
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